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Ptehmtumf 

H 1“ 1895 the Kew Observatory Committee decidetl in the words of 
their annual Beport to uistal platmiuu thermometers at Kew and to 
mstitute an independent senes of experiments into their behaviour 
The Beport addiib “Attention will in the first mstance be directed 
more especially to the question of the fixity of the zero and of the funda 
mental mterval 

In pursuance of this pohey the Committee built a special room, 
fifrmshed with a fume<closet, and purchased from the Camhndge 
Seientiflo Instiument Company six platmum thermumetesM^ a 
Callendar Griffiths resistance Indge, which was regarded alMHBme 
as embodying all the latest improvoments 

In the choice (rf apparatus and the construction of the room, die 
C<Hnxuttee had the advantage of the advice of Mr E H Gnifiths, 
while Mr 0 T Heyooidc and Mr F H Neville, aa well aa Mr Griffiths, 
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kindly visited the Observatory, and illustrated the methods of using 
the apparatus. 

An account of the original installation was given by Mr. Griffiths in 
* Nature,’ Nov. 14, 1896, pp. 39-46. As this paper and several more 
recent papers by Professor Gallendar and others have discussed the 
fundamental facts of platinum thermometry very fully, I have jurlged 
it unnecessary to go into such details here. 


Thettiiomeiofs. 

g 2. The six original thermometers, distingnished us Ki to Ko, weie 
all made from one sample of platinum wire. In 1896 a seventh 
thermometer, Kr, was obtained from the Instrument Company. It is 
believed to bo of the same sample of platinum wire as the others, but 
this 18 not absolutely certain. Particulars as to the type of the 
thermometers are given in the following table:— 


Table I. 


Ther¬ 

mometer. 

Material of 
tube. 

Length from 
end to edge 
of wooden 
ooltar. 

Length from 
end to 
tenninali. 

Diameter 
of tube. 

Approximate 
rceutaace m 
ohmi, 

answering to 
fundamental 
interral. 

Ifi 

porcelain 

sTo 

em 

37-6 

n'^6 

XO 

Ki 

as 6 

40-0 

11 *6 

1*0 

K, 


S«'6 

1 31 0 

18*6 

1*0 

K, 

glais 

se-6 

1 81 0 

18-5 

1*0 

K, 

ass 

! 41*5 

10*5 

1 0 

K. 

as 0 

41*0 

14*0 

2*6 

Kf 

" 

84-6 

41*0 

8*0 

1*0 


The resistance at 0 ° G. of Ke is about 6'6 ohms, while the rmistance 
of each of the other thermometers at 0* C. is alwnt 2‘6 ohms. 

Since it came to Kew, has been exposed to no temperature above 
the steam point; whilst Ks, K 4 , Ka, and K 7 have not bom taken almve 
the sulphur point (444°‘63 C. according to Gallendar and Griffiths, 
under normal pressure). In their early days, Ki and K;) were heated 
on several occasions to the temperature of melting silver (approx. 
960* C.). 

After a few months' use, Kj began to behave unsatisfactorily. The 
Instrument Company reported after inspection that the tube was 
slightly short, and a new tube was fitted in March, 1896. The career 
of Ks has been chequered. The first tube broke in melting silver in 
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March, 1806; the second tube was found to be broken in August, 
1666, after a silver point experiment After repair the thermometer 
behaved badly, and bad to be sent to Cambridge. A third tube 
cracked in molten silver in December, 1896. The fourth tube lasted 
until the end of 1898, when it was broken at Sevres. On more than 
one occasion the thermometer had practically to be remade, so that 
the observations taken with Kj at different stages of its existence are 
not comparable. The spiral at present in K 2 is believed, however, to 
be of the same sample of platinum as the original one. 

The other five theiraometers are not known to have had any mis¬ 
adventures. 

The thermometeis Kj and Ks were taken by Dr. Ilarker to Sevres 
in July, 1897, and did not letum to Kew imtil the end of 1898. No 
use was made of Kd at Sevres, but some observations were made with 
Kj up to a temperature of about 600'* G. 

§ 3. In an ordinaiy platinum theimomeler, it is possible for the air 
inside the tube to become unduly moist, with consequent deterioiaiion 
of the uiBulation. In a glass tulie the piesence of moisture may be 
detected Viy the cloudy apx>earance when the thermometer is cooled in 
ice; 111 the case of a porcelain tube the only guide is the behaviour of 
the galvanometer. If there is no sensible creep in the galvanometer, 
it is ptohably best to leave the theimometer alone, even if slight 
cloudiness is visible. Theie is some lisk of alteiing the apparent sero 
of the thermometer ui removuig it from the tube, and replacing it 
after the tube has been diiod out. On the rate occasions when a tube 
has been diied out, check observations have 1>eon taken before and 
after the process. The room in which the pktinum thermometers aro 
kept is heated night and day when necessary by a gas stove, whoso 
comimstion pioducts escape by a fine opening outside. As the roofh 
IS naturally a diy one, the lisk of moistuio has thus been small. 


llemtUinie Ji<u. 

§ 4, The box as it oiigmally existed in 1896 had a plug system 
similar to that of the 01 dinary Post Ofiice pattern. The plug holdeA 
were of brass. Towaids the end of 1896 it was found that pulling 
out a plug influenced the tightness of its neighbours. Early in 1897 
the Committee arranged with the authorities of the International 
Bureau of Weights and Measures that Dr. J. A. Marker should 
proceed to Sevres, and take part in a comparison of pUdinum. and gas 
thermometers. At first it was proposed to take the existiiyj^ew box 
to S^vrts; but, on hearing of the difficulties experienced with it, the 
Committee decided that Dr. Marker should aTaminA into their reality 
before a decision was come to. Finding that with an ordinary 
stondud of plug tightness suffloieBtly consistent results were not 
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attainable, Dr. Harker tried the effect of greater tightnese Tkia, 
however, made mattera rapidly worse, and it shortly became obvions 
that the box in its existing condition was of no further use; it was 
accordingly sent for repair to Cambridge. 

Having high hopes of a new system of plug holders—fusible metal 
inside Doulton ware—the Inatiiunent Company introduced this, at their 
own expense. The plug holders in the restored 1)o\ are supported 
separately, and the pulling out of a plug has never shown any ten¬ 
dency to influence othets. This is undoubtedly a great improvement; 
but I am somewhat doubtful of the expediency of the other changes 
made when restoring the l)OX. 

After some time it was found that taking out and replacing a plug 
sometimes exerted a very sensible influence on the reading, and from 
the appearance of the plugs it was suspected that this arose partly 
from the state of the ping holes The fusible metal seems dispo^ to 
develop a coating of light-colonred powder, and presumably this 
affects the plug resistances. On being applied to, the Instniment 
Company supplied a simple arrangement for cleaning out the plug, 
holes without undue friction, and it has certainly improved matters. 

The accompanying sketch, fig. 1, shows diagrammatically a vortical 
section of the original box, perpendicular to its longest dimension. 
C represents the coil chamber, AAA a copper tank containing water. 
This tank could lie heated from below by a gas burner, the flow of gas 
being determined by a gas regulator, whose mercury bulb was sur¬ 
rounded liy the water inside A. The coils hung in air, and their 
temperature was deduced by means of a mercury thermometer whose 
bulb was inside C. 

When altering the plug system, the Instrument Company altered 
the shape of the water tank and the form of the coil chamber. Fig. 2 
gives a section of the existing form taken in the same way as fig 1, 
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the letters having the same significance. The dianges were presumably 
dictated by the altered natime of the plug arrangements. I am dis¬ 
posed to think that the coil chamber in Uie existing form is not so well 
protected from external influences as in the earlier form, and I believe 
that in accepting the readings of the mercury thermometer, as giving 
the tempwature of the coils, there is more risk of error now than 
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lleiMtanee Cofk. 

§ 6. The coU roautanoes are on the binary scale, 

H - G/2 - F/4 - E/8 - D/16 - C/32 - B/04 - A/128 - Afl/266, 

with two extia coila, “ Cal” and FI—or I, as it will lie called here— 
the former nsed merely in calibrating the bridge wire. The nominal 
value of U is 6 box imits. The imit is very approximately 0*01 of an 
ohm, so that the fundamental inten'ah of all the thermometers except Ke 
are nearly 100 box units This has the advantage that when the read¬ 
ing Bo in ice is subtracted from the observed rea^ng, one has approxi¬ 
mately the temperature in degrees Centigrade on the platinum scale. 

The coil I is nppioximately 100 luix units, and piactically all the 
ftmdomental interval determinations, except with Ko, have been 
referred to it. 

The coil Act was added along with the coil Cal in 1897, when the box 
was altered. It has not lieen used in any of the work now to lie 
described, and the mean box unit has been based throughout on the 
'eight coils H to A. The coils are of platinum silver. 

The btidgo wire is fully 30 cm. long, leadings to the right of the 
centre representing a temperature aboA'e, and readings to the left a 
temperature below that answering to the siun of the coils whoso plugs 
are out. The bridge wire is also of platiiiura silici, and possesses the 
siune temperature coefficient «ui the coda. 

The bridge-wire scale is divided to 1 mm, and the ■vernier reads 
directly to 0*02 mm., and allows 0*01 mm. to lie ustinutod. A differ¬ 
ence of 1 cm. on the bridge-wire reading .vnswors very nearly to 1 box 
unit, or to a difference of 1° in temperature with all the thermometers 
except K«. Thus, in referring to differences of bndge-'wire reading#* I. 
shall usually, for brevity, speak of them as (hffcronces of temperature. 


Nature of tlw 0b'<n nitwii'i. 

§ 6. The expediency of using the same coil combinations for all the 
thermometers except Ko was soon recognised. Also a point has be*i 
made of using two combinations for each temperature, according to the 
following scheme:_ 

Thormometert. In ice. In rtcam. 

k„k.k.k„k.k„{C“^ {^hi 

jr TAG fACDF 

lAH lACDGH 

By using the same coil combimitions for different thermometers 
we may at least hope to detect any sensible rekUive changes, whilst 


In inlphur vapour. 

/AE 

lA^H 
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by using two coil combinAtions we get h better idea of the order of 
accnracy of the obeervations, and have some check on the constancy 
of the smaller coil resistances. 

As a rule, each fixed point determination depended on at least 
three observations. Thus, in ice we ought have a balance against 
CDF, next against G1X>H, and finally against CDF again. By com¬ 
paring the readings in the first and third observations one can make 
reasonably sure that the [thermometer has reocheil the tine tempera¬ 
ture. This IS a very necessary precaution, especially in sulphur point 
ohsenations. 

WTion only three observations were taken, only half weight w.is 
allowed to the first and last, so as to give equal weight to the two 
combinations of coils. 

It was niiginally intended to take a complete sot of “fixed point” 
ohseivatioiis, ice, steam, aurl sulphur points, with each thermoraetei 
once a month. The legular observations have lieen in reality less 
frequent than was intended, and the intervals lietwecn them more 
irregular. In adcb'tion to tho regular observations there have lieeii a^ 
variety of special occasions on which ice and steam point determina¬ 
tions have lioen made, more especially with Kr. This thermometer 
has lieen nso<l in companng occasional high-range mercury thormo- 
motors. 

StMitii of Clunuje m Enot. 

^ 7 Before considciing the main queatiou, I propose discussing a 
numlier of pussilile sources of change in tho readings obtained with 
platinum thermomcteis. An error of invauablo amount fiom a souice 
axtein.il to tho thermoraoter is peihups not immediately germane to 
this inquiry, but the iiivniiability of error is a very diilicult thing to 
ensure. 

Excluding obsorrational error or defects, such as moisture in the 
tube, which an experienced observer is likely to detect, I would chronicle 
the follon-ing sources of trouble:— 

1. Change in the losistanco of tho platinum spiral ; 

2. Change in tho thick platinum wires connecting tho spiral to tho 

thermometer toiminols, or in the compensating loop inside tho 
tube j 

3. Change in the relative resistance of the leads, or in the lolative 

resistance of the proportional arms of the box; 

4. Change in the box coils or in the bridge wire; 

5. Faulty action of tho contact piece; 

6. Shift of bridge centre; 

7. Thermo-electrio currents; 

8. Heating due* to the battery current: 
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9 Enor in the temperature ooeficient of the coils, or differences 

between the tempenture coefiicients of different coils, 

10 Change of eero or other eiroi in the murcuiy thermometer inmde 

the coil chamber, 

11 Failnre of the box mercury thormometei to give the true tem 
. periture of the coils and budge wire , 

12 Insuilicieut immetsion of the thumometcr 

11 Shwiioss of platinum thctmomctois in icquirmg the true tern 

pel it no 

There lu other possible soutces of enor iffectmg only certain “ hxod 
pomt obson itions, and mostl} not peculiar to platinum theimometry, 
foi mstiiitt — 

U Impni it} ill the lu. itsul in getting lio, or van ibility in the 

method of treating it, 

15 Firni in the birometer, whether constant or \arying, or oiroi m 

the re luction of its readings 

16 Inipunt} m the sulphur used, anil othoi uncert unties iri the 

detcrmuiations of the boiling point < 1 sulphiu 

17 1 nui m the formuh ismmed toi thp a iiution of the boiluig 

point of sulphiu with pressure 

I hi«e seen no adequite con-ndeiation of those sources of enor 
in liny tuitment of platinum theimometry, and in the original 
equipment obtuned foi Kew Oiisinatoiy no piovisiou was made for 
the detection of most of them thus oui osiwiience mvy be useful to 
othoiB Without at least a generil idea of their nature, the leader 
would lie unable to judge correctly of the degree of probabihtj atteq^ 
mg the eondusions reached, oi oven of the n ituro of the evidence on 
which these conclusions ire based 

8 I pioposc deferring until the end the discussion of the evidence 
bearing on the first two items, only calling attention ut the meantime 
to the fact that without taking a platinum thermomotei to pieces it 
would bo lery difiicult, if not impossible to distmguish betweep 
changes in the resistance of the spiral and changes m the resistance of 
the thick platinum wires connecting the spird to the tormmals The 
unalteiabdity of a platinum thermometer cannot be proved hy expen 
ments on an isolated platinum spurul The oonnectmg platinum wires 
inside the tube are by no moans of negligible resistance They ought 
to be very approximately equal in resistance to the compensator loops 
mtended to neutralise their vanation with temperature tlie lesist- 
ance of the compensator loops has been measured by Dr Harker with 
the fcdlowingapproxuuatc results The data answer to a temperature 
of about lfi*C 
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Table 11.—Resistance of Compensator Loops. 

Thermometer . K] Kj Ka K 4 Kj Ku Kr 

Resistance (in ohms) 0-20 0-22 0‘16 0-16 0-21 0*20 0-22 

We may thus infer that the average i-esiitance of the connecting wires 
is some 7 per cent, of that of the spral in one of the ordinary thermo¬ 
meters. Thus a small (iifrerenti.il change between these wires and the 
compensator loop might appreciably affect the thermometer readings. 

The Cambridge Instrument Company inform me that the connecting 
wires and the compensator loop—which are of the same thickness of 
wire—are of the same platinum as the spiral and have the same 
temperature coefficient. If this were not the case a small differenoo 
between the absnlnto resisCancos of the connecting wires and the com¬ 
pensator would introduce a source of error fluctuatuig with the 
temperature of the wires and compensator. 

It would, I think, he desirable to make sure that the process of 
attaching the thick wires to the fine spiral causes no change in the 
material close to the junction. 

Changes tu the fjenda or tn tlte Froporiumal Armf, 

§9 In the loads supplied to Kew Observatory one pair has the 
terminals at lioth ends markeil P, the other pair has its terminals 
marked C. This is intended to show that the former pair should be 
attached to the terminals marked P on the thermometer head and to 
the plugs P in the box, and that the other pair should bo attached to 
the C terminals on the thermometer head and the plugs marked C in 
the box. Supposing this arrangement invariably adhered to, any 
fOHidant difference between the reostanoes of the leads should not 
apprecuibly influence the appiront resistance of a platinum ther¬ 
mometer. Supposing, however, that a difference between the resist¬ 
ances of the lo^ develops itself, then if the leads are used in the 
way indicated above, the effect on the readings is the same as if the 
platinum thermometer itself changed. 

Loosening and tightening the leads had been found early in the 
investigations to bo a possible ca^ of slight variations in the reading 
—owing presumably to the va^^g tightness—and it may allow the 
terminals to blacken during the sidphiir point experiments. It was 
thus at first thought undesirable to touch the lead connections once 
the thermometer was attached, especially as it was supposed that if 
error were at all likely to arise in so obvious a way, provision would 
have been made for detecting and eliminating it. Dius the matter 
did not receive consideration until 1897, when the erratic nature of 
some of the results drew attention to the fact that the leads were 
hscoming w<)n) near the ends. 
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They were repaired by the Instrument Company, and on their 
return in September, 1897, a large discontinuity was observed in the 
values of Ko in the platinum thermometers. I then found that inter¬ 
changing the leads caused a difference of fully 1° in the reorling. This 
seeming unsatisfactory, the leails were leadjusted by the Instrument 
Company, and we assured ourselves of their approximate equality, 
without, however, attempting to measure the exact difference. As 
the leads remained satisfactory to the eye, no more attention was 
given to the matter until the autumn of 1898, when a conspiouoiu 
drift appeared in the values of Ko. Experiment then Bho\vod that the 
difference between the leads was liable to large iluctmitions, tucord- 
ingly now leads were got from the Instrument Company in December, 
1808. These had been adjiuted with great care, and on their arrival 
at Kew they were found to be very nearly though not exactly equal. 

Table III gives a brief synopsis of our experience with the leads. 
The quantity talmlated is the excess of the box reading obtained—the 
thermometer being in ice, steam, or sulphur vapour—when the CC 
leads wore connected to the thermometer over the reading when the 
PP loads were so connected. 


Table III.—Effect of Interchanging Leads. 


Date. 

Kttmbcr 

of 

experi¬ 

ments. 

Thennoincters 

Obsm 

grostest 

least 


1897. 





l‘’-020 

[Lesdit sdiuited.j 

1898 


K,b^E4K, 


, 

Oct. J9, 20. 

Not. 7, 8, 9,10,11 .... 
Not. 26. 

8 

6 

0-478 

0-660 

0-488 

0-494 

0-488 

0-617 

Not. 28, 29,Deo. 8 .... 
[New leads.] 

Dee.8,12,18 . 

4 

0-876 

0-366 

0-872 1 

1899. 

Jan. 24.25. 


K,K,Ky 




May 10,17. 












July 7,10. : 

Sept. 14,16,18,19. 20.. 

7 

8 

X>K, 

K,K,K4K.K4C, 

0-062 

0-041 

0 046 
0-028 

0-064 I 
0-086 1 


Each experiment consisted of at least two roadings with each 
«w»ngement of the leads. 

The resistaace of one pair of the new leads waa recently found 
by Dr. Barker to be iqiproziiimtely 0-07 dim at atmospherio tear 
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peratiire, i,e., about 7 per cent, of the fundamental interral of one of 
the ordinary thermometers. Thus a change of one-thousandth part in. 
the resistance of one of the leads would answer to an alteration of 
altout 0-014 ill the quantity tabulated in Table III, or to an apparent 
shift of 0°‘007 in the sero of an ordinary theimometer. 

There are various suggestive features in the table. Between 
October 18 and November 11, 1898, the difference between two leads, 
immaculate to the eye, altered steadily in one direction by an amount 
equivalent to a change of 0”-05 m the zero of a platinum thermometer. 
Then, without apparent cause, thoie occurred a sudden alteration in 
the opposite direction, equivalent to a change of 0“ 12 in the zero. 
After this very erratic behaviour the leads seem to have remained 
practically constant for ten days. 

Next we come to absolutely new loads of the beat construction. No 
one, I think, can question the reabty of the differences between the 
results of December, 1898, July, 1899, and September, 1899. But with 
the uccurreiico of differences of the size shown duiiug 1899, we must 
anticipate errors of the order of at least O’-Ol or 0'’‘02 in the absolute 
readings, miless adequate provision is made for eliminating this source 
of uncei-tainty. 

Changes in the loads have anquestionably been the principal cause 
of the apparent changes m the zeros of the platinum thermometers 
during the uivestigation. These changes have added considerably to 
the docility of working up the residts. 

The difference Iwtwoen the piuportional arms was recently foimd 
by Dr, llurker to bo less than 1/6000 of either resistance. Doubtless 
the resistances were originally matle as nearly equal as possible, so that 
there is a strong presumption that if any differential change has 
occtured it has iioen small. Thoro is, however, unfortunately no direct 
evidence bearing on this point. 

§ 10. It 18 only proper to remark that from some points of view 
thw, reguUii changes in the relative resistances cither of the leads or of 
the proportional arms ore not of primary importance. Such changes, 
at least when small, are equivalent, the one to the addition of a con¬ 
stant quantity to the observed resistances, the other to the multiplica¬ 
tion by a constant factor, so long as the measurements dealt with 
cover only a short time during which no sensible variation ooours. 
Supposing sufficiently numerous observations made of the resistances 
Bo and Bi m ice and steam, it is clear that the platinum temperature 
pt, given by 

pt - 100(B-Eo)/(Ki-Eo), 

would remain practically unaffected. 

But, on the other hand, the necessity of frequent aero point obser- 
vationi is one of the drawbacks most frequently dwelt upon in the ease 
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o{ meroury thennometen, and it ia only fair to rooognise that they do 
not in t^ respect necessarily suffer by comparison with platinum 
thermometers. 

CSffti Chttujai. 

§11. The box was originally calibrated at Cambridge by Mr. £. H. 
Griffiths, who referred everything to a mean box unit baaed on the 
eight coils H to A. Since the box came to Kow Observatory it has 
been thrice calibrated, with the aid of a convenient apparatus designed 
by Dr. Harker. The observations were made on the first of these 
occasions by Dr. Harker; on the other two occasions mainly by 
Mr. W. Hugo, Senior Assistant at the Observatory. I took a certain 
number of check observations during the two last calibrations, and 
made all the calculations necessary to construct the correction tables 
based on those and on Dr. Harker’s calibration. In doing so, I 
followed Mr. Griffiths’ procedure, except in some minor details. 

The results of the four calibrations were as follows:— 


Table IV.—Coil Values in Terms of Mean Box Unit. 


t’oU 

Konunsl 

Tslue 

Oslibmtion I 
(Sept 1895). 

II 

(Msy, 1897). 

III 

(July, 1897). 

IF 

(Ksr.-Apr, 
1899). 

A 

640 

680-941 

680-073 

039-080 

680-976 

B 

320 

380 160 

880-003 

320 OOO 

820-090 

0 

160 

160-068 

160-083 

160-086 

160-088 

D 

80 

80 010 

80-001 

79-091 

I 79 901 

E 

40 

89-968 

40-037 

40 028 1 

40-083 

F 

SO 

10-e68 

20-111 

20-116 

20-116 

O 

10 

0-946 

9-760 

1 9-706 1 

9-774 

H 

6 

4-948 

6-002 

1 6-006 1 

1 6-004 

I 

100 

09-967 

90 089 

09-976 

1 09-486 

HshIoi 

a. bridf^s win 

0-996 

0-993 

1 0-904 

0-996 


The considerable differences between the results of Calibrations I and 
n are probably mainly due to changes attending the reorganisation of 
the box in the spring of 1897. Coil I broke at one end, and had to be 
resoldered just before the last calibration. 

It is improbable that the algebraic sum of the resistances of the «ight 
ooils H to A was unaffected by the box changes in 1897, and thus the 
mean box units in Calibrations I and II were almost certainly slightly 
different. The data obtained witii the thermometers, as will be seen 
1a^, snggest a slight increase at this time in tiie mean box unit; and 
tius is, at least, oonsisteDt with the apparent change in the bridge-wire 
reaistanoe. 



14 


Dr C Ghree Inotatiffattotu on 


We (hould rather expect the reeistanee of the bndge wire to increaae, 
especially near its centre, through constant rubbing by the contact 
piece and the figures obtained in Oabbrations III ind IV somewhat 
favour this new Too much significance ought not, however, to be 
attiohod to the small difiercnoea tpparent 
Some of the difierences m the coil values m CalibrationB II, III, and 
IV may be experimental errors, but the changes shown in the case of, 
at least, £ and G are I think, too large to be accounted for in this nay 
§ 12 Pei hips the dearest evidence of the reality of cod vanatioiis is 
that afforded by an evamination of the thermometnc results obtained 
with the different coil combinations It would occupy too much space 
to go into details so I merely recoid in Table V the moan differences 
between the a dues of li^ Ri and R. (resist ince in sulphur vapour) 
obtained with the two coil combm-itions used during different specified 
epochs Iheiuntinthe table is 001 mm of budge wire, answering 
approximately to 0 001 C with the ordinary thermometeis 
In the fin'd means oqu'd weight is allowed to each observation, so 
th it some thermometers exert mote itifluonce than otheis 
During some of the epochs—ospeetally 1895 and the first part of 
1899—the dita with any one thoimomoter were \ery scanty Again, 
It must be remomborod that the part of the bridge wire at which readings 
ire taken differs according to the theimometer used, ind also vanes for 
my one thermometer lecording to the temper aturo of the ocnls, the 
position of the budge centre, and the difference between the loads It 
18 also different in the ico, steam and sulphur point observations, 
fliictiiatmg considerably m the latter two cises with the barometno 
pressure Thus the fluetimtions in the t iblo amongst the results for a 
common epoch are due to many causes 
^13 It 18 I think most inatmctne to start with Cabbration III 
m ide in July, 1897 Dunng the rest of that year the results from the 
two coil combinitionB show almost perfect agreement, in 1898 the 
losiilts drift spirt, and the dnft is lecentuated in 1899 pnor to Cab 
bration lY Again, for some months after th it calibration there is an 
excellent agreement, though a tendency to dnft soon manifests itself 
Cabbratioii II scorns loss successfid, but it was made by an observer 
different from the one who took tho readings on which the results m 
Table Y are based A dificrent standard of plug tightness dou not 
influence all plugs abko, and in my experience the personal equation in 
this matter requires to be reckoned with 
The date from March 12 to 19, 1897, wore so outstanding that they 
are given separately Tho expoMd parts of the box had, I behe>e, 
been cleaned sboMy before, and conceivably one of the coil supports 
may h*^ got a Imock There was, however, no suspicion of thu at 
tile tone 'Hut fopt emphasises the necessity of a oonstent outlook for 
possible changes 
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A complete cahbnition is a labonoiu process, and its {reqnmt rqpeti 
tion woiUd add seriously to the work entailed by platmum thermo¬ 
metry If however the residts in fable V are normal it would af^war 
that frequent calibrations c m h utlly be avoided m the ease of jdiysical 
no k of the highest accuracy 

If di / 4Uvm of the Cmtati Ptere 

^ 14 Parallel to the real bridge wire in the Kew resistance 1 ox luns 
in exactly simil ir wire connected to the galvanometer and the contact 
piece woiks by pishing diwn a short ctoas uire so u to spin the 
interval between the wires In Tinuary 1898 it was noticed thit 
more moiing and resottuig the contact piece might alter the leading, 
and I found that thi jiressure to which the cross wire was exposed 
when contact was mi le— ilwa>s icting on the same part of its surface 
—had cut i groove in it The Instrument C mpany put this to rights 
but the phenomenon had lepeated itself by Tauuary 1809 though to a 
smaller extent On that occasion the Instrument Company made an 
alteration which it is hoped will prevent tho recutrence of this trouble 
It IS difiicult to keep the two pardlel wires oquilly tight and exactly it 
the same hontontal level thus the cross wire may hear unduly heavily 
on one wire befoie it makes good contact with the other This defect 
would be of httle consequence in an open scale bndgo wire but in the 
Kew box it produced when it its worst uncortamties of the order 
0 04 or even 0 06, in indmdnal leadings Of course this merely 
tended to introduce irregulanty in the readings uid supposing a 
number of observations taken could hirdly simulate a chinge in a 
thermometer 


SJifft of the Bivlgi Centte 

^ 16 By the bridge centre I me m the vernier reading when i balance 
18 made with all tho plugs in their holes the platinum thermometer and 
compensator resistances bemg cut out by short-circuiting straps 
Tho ongmal departure 0 006 in this centre from zero on the scale 
was given as a fixed coirection in the fiist oabbrution table and as no 
provision existed for determming the centre I did not for some tune 
properly appreciate tho situation My attention wu first roused by a 
sudden appaient discontinuity in the values of Bo in the spnng of 1697, 
for which tho only apparent cause was a cleaning up of the box The 
Inatrument Company then supplied two short-mrcmting straps, to be put 
across the CG and PP box terminals, and imee then determinations of 
the centee have been m^de at the beginning of each obsarvatiou day, 
and usually at mtervals throughout it 
Soon It became ^ipsrent that during a day’s observations the 
bridge oentre u apt to drift towards the minus i^e of the scale, the 
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nde u it goea to when the phiga are dirty and have an increased 
resistance. The amount of the ^t is very variable. One day it may 
be negligible, while the next day it may be as much as 0*‘04; it is 
occasionally more than this. The phenomenon is probably partly duo 
'to the fact that frequent pulling out and putting in of the plugs seems 
inclined to produce the grey powder already referred to. It may also 
arise from the observer's standard of plug tightness falling off as he 
becomes tired, or from asymmetric heating of the box through the 
proximity of the observer's person to the inimis side of the scide. There 
are probably various influences at work, some of which may be peculiar 
to the particular box. 

One cannot be perpetually taking bridge centres, so that even the 
more recent observations are exposed to some uncertainty from this 
source. 

The practice of regularly taking bridge centres was not introduced 
until 1897, and it is of course passible that there was little or no 
occasion for it in the original box with brass plug holes. 


ThnnuKleclric CarreiUs, 

§ 16. The principal seat of thermo-electric currents seems to be the junc¬ 
tions at the head of the thermometer; and it ie desirable to shield the 
head as much as possible fiom heated air or vapoirr. When a Grifflths 
key is used these currents are not necessarily a source of error, but they 
tend to increase the difllcidty of taking readings. Otiginally it was sup¬ 
posed that the use of a Griffiths key rendered further care unnecessary, 
and no commutator was used until after the restoration of the box in 
1897. As the Instnuuent Company then transferred certain terminals to 
the ke>-board, it is possible that the original box suffered but little if at 
all from the source of trouble now to bo described. 

When the commutator was introduced the following phenomena wore 
observed. When the day’s observations began the readings with the 
current d and r (direct and reversed) were usually about the same. 
After a few minutes’ observations the difference between the d and r 
readings began to increase, and nearly always in one direction. After 
a little the difference usually assumed a fairly constant value, but con¬ 
siderable fluctuations might occur, especially if the temperature of the 
room was rendered unst^y. On the advice of Mr. W. N. Shaw the 
thermo-electric key was enclosed in a padded box. This has decidedly 
d imini s hed the evil, but it still appears expedient to take readings with 
the current both ways. Table VI shows the state of matters typical 
before and after the introductioaof the protecting box. 

When the thermo-eleotaio effect is not eliminated the error in the 
reading is (d ew r)/2. 

Siqiposing d-r to remain constant through the ice, steam, and 

vouLXvn, o 
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sulphur point obsenntiona with i particular theimomotor the Ro« Bii 
and li, would be wi >ng to the s uno amount so th it the fundamental 
intei^ul and pi, (the value of pi answenng to the boibng pomt of 
sulphui) would be lu iffcctod In priotice huwe\oi Tie cannot antici 
pate 80 f ivonnblo i contingoncj 

Aftei some expenmenta I found that I could at pleaeure change the 
imoiiiit nid oven iltci the sign of the r- I difference by heating with 
the fin{,ot or coiling by an urbliat one of the teimuiils of the 
Giiffiths key 

Ilealtng due t thi J>aUery Cumnt 

^ 17 In the Kew apparatus there is an option of two resistances, 
vu 100 and 20 ohms in the battery ciremt, and our ongm-il mstruo 
tions wore to use the 100 ohms when observing with an ordinary 
tbemometer m ice ind steam, and the 20 ohms when obeervmg at the 
sulphur pomt The object doubtless was to ensure sufficient galvano¬ 
meter sensitiveness at high temperatures 

In an early sulphur experiment I was surprised to find that the 
leadmg was about 0 07 higher with the 20 ohms in use than with the 
100 There being only a single dry cell m use, I had not anticipated a 
sensible difference Supposing the cell^to [remain constant the heatmg 
effect would of course remain the same for a given thermometer at any 
one fixed pomt, and so would not influence the results immediately m 
view It seemed, howevo', inexpelient to trust to this, and we have 
aooordingly employed the 100 ohm resistance m all the regular ohserva 
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tions, merdy \uring the 20 ohnw occasionBlly to furnish data from which 
to calculate the heating effect under the normal conditions To under¬ 
stand how this is done we must glance briefly at the theory. 

Let E he the K.M.F., R' the internal resistance of the liattery, R the 
rest of the resistance in the liattoiy circuit. Let n be the resistance in 
either of the proportional arms, r the resistance in the bridge arm 
containing the platinum theimomoter, whose spiral has a resistance p. 
Then if i denote the current in the spiral, H the heat given to it in 
unit time, we have 

U - - EViV-5-[(R+R')(*-+ri) + 2iTil'' . (1). 

The heating of course is gradual, and theoretically it might bo possible, 
by rapid, skilful manipulation of the tapping key, to obtain a balance before 
there is a sensible efTeet. In practice, however, this is hardly possible 
in work of the highest accuracy. Only by the remotest chance does 
one hit the Iwlanco at the first attempt, and, ns a rule, the key must bo 
put down a good many times. Also, unless the key is held down a 
sensible time, a small alieenco of balance may bo overlooked. The 
weaker however the current, the longer the time before sensible heating 
exists, and with the 100 ohms in the circuit it sooms possible to get a 
fair balance before the heating eflbct is appteciablo. Thus in compating 
platinum and mercury thermometers at high temperaturos, where 
accuracy of the order O’-Ol C. is usually much above what is nooessary, 
the bridge has lioen reganlcd as balanced when no movement appears 
in the galvanometer on depressing the key. 

In the fixed point observations, on the other hand, the resistances 
have been adjustoil until no movement appears on releasing the key. 
Under those circumstances the current has exorcised its fi^ heating 
eflToct. The platinum spiral is presumably heated to such small extent 
above the surroundmg temperature as is required for its gain of heat 
from the current to be^ce the loss by radiation, conduction, &c. Wo 
may pretty safely assume that this excess of temperature is proportional 
to the heat given to the wire, but it must also ilepend on the specific 
heat of the platinum, on its rai^ting mid conducting power, and also 
conceivably on the shape, dimensions, and material of the enclosing 
tube. I understand that several authorities* have proposed to keep 
constant in the spiral by suitably altering the battery resistanoe. Thi% 
however, as the above reasoning shows, cannot secure constancy in the 
temperature excess of the spiral at all temperatures. 

g 18. The application of the formula‘(l) presents difficulties. We 
know—at least, very approximately—the resistanoe n of tiie propor¬ 
tional arms, and Ae reristanoe p of the spiral, at any “fixed point ” 
temperature, but it is not customary 'to measure directly the reslst- 

* Vat imtanos, Wsidnn and Mallory, 'Phil, Msg.,’ July, 1890, p. 14. 
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anc« r It exceeds /> by nn amount equal to the resistance of the 
leads including, the thick platinum wires inside the thermometer tube 
The mean temperature of these latter wires depends partly on the 
temperature of the spiral partly on the length of tube immersed, and 
partly on the temperature of the external air Of course wo can 
measure r on any given occision, but its fluctuations would be considei 
able under normal conditions My object being rather to get a fairly 
exact geneial idea of what to expect tmder the vaned conditions of 
normal use th^n to measure the phenomena with extreme exactness 
under an aibitniy set of conditions I have accepted for i pa rough 
approximation good enough for my special purpose 

The internal lesistance of a dry eell varies very much according to 
its freshnosb I have thus made two calculations m which this resist¬ 
ance It IS tiken as 0 and as S ohms lespectively The latter flgiire 
actu Uly applies to the later experiments on the relative heating m ice, 
steam and sulphur vapour while the former answers sufficiently to the 
case of a now eell 

Ihc L M F of a dry cell falls off m tune though not to a very large 
extent and for our present purpose such a change does not concern us 
0 do not need to know the value of H as giien by (1) in absolute 
measure but only the rel itive v dues of H with varyuig p and r, but 
with const int I andti 

In the followmg calculations I have supposed ti ■■ 5—the propor 
tional arms hating each a resistance of 6 ohms—and for an ordinary 
thermometer p =1 2 6 in ice, 3 6 lu steam and 6 8 in sulphur, while 
r-p»04 for Ko wo have p - 6 45 in ice and 8 96 m steam Thecalcu 
1 it^ values of (H/L fj*) x 10^ are given m Table VII 


Table VII—Values of (H/E^i») x 10^ 


Fixed 

B 

Ordinary tiiennometerf 

K. 

B-100 60 40 80 SO 

Difference 

SOsndlOO 

R-100 80 

DiffenaM 

80 and 100 

loe 


as 100 818 887 780 

688 


_ 


16 

34 — _ — 481 

487 

87 484 

447 

8 


41 107 388 878 744 

703 

_ _ 

_ 


16 

37 02 188 886 618 

476 

88 487 

4014 



41-681 

640 


_ 

gnlphur 

16 

87 - 478 i 

441 

— 



The most stnkmg features m ^e table are the comparative smalliw 
of the diffisrences^ between the supplies of heat at the three Axed 
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points, with a given value of B', and the relatively largo effect of an 
yWitAfm of 6 ohms to the battery cirouit when the rest of the resistance 
is only 20 ohms. 

No very serious error would arise from treating the heat supplied as 
independent of the temperature, at least up to 440° C., so long as there 
is a large resistance of the order of 100 ohms in the battery circuit; 
and undw these conditions a moderate change in the resistuiice of the 
battery itself is not of much consequence. 

g 10. At any one fixed pomt, as already stated, we may reasonably 
expect the rise of temperature of the spiral to be proportional to the 
supply of heat It is desirable, however, to check this conclusion by 
experiment I thus compare in Table VIII the above theoretical 
results with some experiments made with thermometers Kj and Kg at 
the steam point in June, 1897. In these the additional resistance in the 
battery ciremt—beyond that of the battery itself—was given several 
values intermediate between 20 and 100 ohms. 

Assuming 

Heating cffoct/heat supplied = C, a constant, 

I determined C by ej^uating the observed and calculated values of the 
difference of the heating effects with the two extreme additional resist* 
ances 20 and 100 ohms. This quantity is denoted by 1120 - Hmo, and 
a similar notation is employed for the other similar difference effects. 
The differences in the table are really lengths of bridge wire, but for 
practical purposes they may bo treated ns temperatures. 


Table VIH.—Heating Effects of Battery Current at Steam Point. 


I£,/0»Joutatoij{ 
lObMIT*!! .. 

V/0UouUtad{ 
tobicrvca ... 

H'. 

6 

0 

t 

Hai-Huo. 



H.-Hw 

Hua. 


H«. 

S'ltS 

0-186 

Hi ill' 

ill ill 

Sois 

o-oio 

0-010 

OMUT 

0 001 

1 ovas 

VOlO 

0-013 

0 011 
UH)U 

U 02A ! S-m 

0*03;} 0(W3 

1 

onjssiooee 

0-1198 1 0 071 

MM 

oooo 

0 090 
0111 

0 176 

0 178 

O'.M 

0199 


The resistanoe of the battery itself was not determined on either 
occasion; but from the largo size of the heating effects compared to 
those of later experiments with wi older cell, I am inclined to suppose 
tl»t the resistance was nearer 0 than 6 ohnuL The values calculated 
with B' <■ 6, however, unquestionably present the closest accordance 
with experiment In fact, taking into aecount the difficulty of the 
experiments, the agreement in this case is altogether too good, and 
must be laigely a matter <rf luck. However this may be, there is, I 
think, every reason to suppose that the values deduced for the heating 
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effects Hioo, &C., with the additional battery resistandes 100, &a, are a 
very fair approximation to the truth. There seenu little doubt that 
with a fresh dry coll the reading at the steam pornt is raised fully the 
hundredth of a degree, oven with 100 ohms in the battery circuit If 
20 ohms only wore insei'tod, the heating effect would amount to nearly 
two-tenths of a degree. In this latter e\etit, an iucroose of 6 ohms in 
the battery resistance woultl lower the olwerved value of Ri by about 
0’-06 C. 

§20. We have next to consider the rclatne talucs of the heating 
effects at the three hxed points. These ha\e been determined by a 
series of special determinations of the values of Il^o - Hiuo- During 
the majority of the exjienmeiita the lavltery icsistance was approxi¬ 
mately constant, ami not far from 5 ohms. The following table 
gives the observed values of the ratios 

(IIso - Hi(io at steam point)/(Hio - Hino at ice point) 
and (H .!0 - IIioo at sulphur point),(llj# - lligy at ice point) 

for the several thermomoters, as well as the values calculatcrl from 
Table VII for the ratios of the heat supplies. 


Table IX.—Differential Heating Effects at Ice, Steam, and Sulphur 
Points (found expemnentally). 



K,. Kf Ki 

Kt K. 

Mean 

E,toK, 


Steam 'ice .... 

' 0-n 0 n 0*74 0 78 

0 67 0 75 

0-74 

0 64 

. 

Ratio of h«at , 

fK' - 0 
• • IR' - 6 

103 

1 04 

0 90 

Snlphur/ice... 

. 0-88 0-26 0 17 0-40 

0-42 a-20 

0-31 


.. 

. 1 Ratio of hfoi tuppltet ... 

rB' - 0 
••• \B' - 6 

0-M 

0'07 



The table is based on eigl^jteen experiments comparing the (steam/ice) 
ratios, and eight experiments comparing the (stdphnr/ico) ratios. In 
most cases the sevord steam/ioe obsorvationB with the same thermometer 
showed a remarkably good agreomeut, but the results with Kj and Kt 
were less harmoniotis than the others. The sulphur/ice observations 
were so few that little weight attaches to the results for the individual 
thermometers; but the final mean should not bo much in error. The 
highest value of the sulphur/ice ratio ohson’ocl was 0‘42 in the single 
experiment made with Kt< A considerable number of heating experi- 
mente have been nu^de in sulphur, but I have employed in Table IX— 
as in the ease of stSfun—only those which were ma^ on the «Mny» day 
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as a corresponding experiment with the same thermometer in ice. This 
is necessary on aooount of x>OBSible changes in the resistance of the 
dry cell. 

At the sulphur point the heating effeet is only about one-third of 
what it would be if it depended only on the value of in the spiral, 
and even at the steam point the heating is less than three-quarters of 
what it would be on this erroneous hypothesis. 

§ 21. If the heating effect due to a given i-p wete the same at all 
temperatures, Tables VII and VIII would justify the conclusion that 
with 100 ohms in the battery circuit all that is to lie fcaiod is a trifling 
fall, of the order 0°'003, in the apparent zero Ko aa the cell deteriorates. 
But, according to Tables VllI and IX, the true conclusion is that even 
with 100 ohms in circuit the hc<iting effect is bkely to dimmish the 
fundamental interval by sovend thousandths, and the ice-sulphur 
interval by not much loss than a hundredth of a degioe. The use of 
20 instead of 100 ohms in sulphur point obsoi rations would largely 
increase the uncertainty. 

The changes in R<-Ru and Rj -Ro, due to varying heating effect, 
are in the same direction, so that the effect on }>(, is relatively small, 
and, in view of tho numerous nnceitumtics existent, I h.ive not thought 
it worth while to attempt a “ reduction to an uifimtely smidl current” 
It is clear, however, that luiless tho current can bo materially reduced 
by the employment of a more sensitive galvanometer, tho necessity of 
providing for this reduction must be kept m view in fill work of the 
highest accuracy. 

Before quitting the subject, I would remark that tho diminution of 
the heatmg effect of a given i*p as the temperature rises is only what 
we should expect from tho known increase with temperature of both 
spedfio heat and radiating power. It is possible that beating effect 
experiments with thermometers of other metals than platinum, or with 
spirals of vaiying gauge of wire, might prove a useful method for 
invostigating radiating power. 

Error in the Temperature Coeffifient of the Goilt or Dtfftirnces between the 
Temperature Coefficienis of D^erent CoUs. 

8 22. The standard temperature selected by Mr. Griffiths was 20° C., 
and he found for the relation between the resiitance of a sample of 
the ooil wire at temperature r, and ita resistance ray at the standard 
temperature, 

fr - r*, [1 -b 0-00026 (t - 20) ] . (2). 

All temperature corrections have been deduced by (2) since the box 
come to Kew Observatory. 

Suppose after the calibration corrections are applied that the 
observ^ box reading makes p the resistance of a certain platfnum 
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themometor when the coils and bndge wire are all at temperature r, 
then, referred to the mean box unit at 20* C, the true resutanoe la 

by (2) 

/) [1 + 0 00026 (r-20)], 
ind thus the pi oper temperaturo correction is 
0 00026 (t-20)p 

Now suppose the true resistance at I of a phtinum thermometer 
whose true resist ince at 0 is Bo, and whose fundamental mterral is I 
Then the platinum temperaturo is 

If-100(E,-Eo)A (3). 

and corresponding to any correction (or error) ABf, arising from a 
cause other than enors in Bo or I, we have for the collection (oi error) 
in jA the f ormul i 

Apf - AB,(100/I) (4) 

buppoeing (2) correct, and the box at tempeiature r, we must have m 
order to balance the bridge 

E< = p[l + 0 00026 (t - 20)] (6) 

If then IS the correction to ft arising from our application of a 
temperature collection to the box roulings, we have 

^J>t - (100/I)p X 0 00026 (t - 20) (6), 

where p, like I, is measured m mean box units 
For one of the ordinary Kew thermometers the following are suffi 
ciently near a dues for purposes of illustration — 

Ice pomt Steam point Sulphur point 
P - 268 368 678 

Corresponding to these representative values, with I - 100, we have 
Ice pomt Steam pomt Bulphm pomt 

Apf - 0067 (t-20) 0093(t-20) 0176(t-20) 

Using Callendars formula, 

f-j>/-3[(</100)*-f/100] (7), 

we have for the small morement Af on the au- sotde corresponding to a 
small increment Apf on the platanum scale 

Af - Apt - [1 -10-« 8(2< -100)] (8) 

Assuming fc)r the sulphur point on the air scale Oalle&dar and Gnffltha* 
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value, U 444°'S3, then in the Kew thennonieten, as will be seen 
later, 8-1-6 noarlj, and we have approximately 

At tha ice point Ai » Apf x 0-986 - 0-066 (t - 20), ■) 

„ steam „ Ai = Apix 1-016 - 0 094 <t- 20), S... (9). 

„ sulphur „ A< = Ap< X 1-134 = 0-200 (t - 20) J 

§ 23. Supposing that wo aim at an accuracy of 0°-001 C., and are 
able to keep our coils within 1° C of the standiml temperature, then it 
will suffice to know our temperatiu-e coefficient correctly to 1 part in 
66, to 1 p<irt in 94, or to 1 part in 200, according as the “ fixed point ” 
concern^ is the ice, steam, or sulphur point 

Accuracy to O'-OOl C. at the boiling point is not a very extravagant 
aim, and it thus appears desirable to know the temperature coefficient 
correctly within 1 per cent unless wo can keep nearer than 1" to the 
standard temperature. From correspondence with Mr. Griffiths, I 
found that he did not anticipate so high a degree of accuracy as this in 
his determination of the temperature coefficient, and as a matter of fact 
two fairly complete experiments by Dr. Hacker have given values from 
0-00026 to 0-000246 for combinations of several of the actual box 
coils. 

The allowance of a departure of 1° C. from the standard temperature 
IS a narrow one, except under specially favourable conditions. A good 
thermo-regulator, no doubt, can control the gas supply with consider¬ 
able accuracy, even under unfavourable conditions; but what the 
thermo-regulator controls is its own temperature. That temperature is 
probably in general close to the moan temperature of the immediately 
surroundmg water. But supposing, as may happen in the platinum- 
thermometer room at Kew, that the air temperature is only 14' one 
tlay and 19° the next, then the temperature of the coil chamber will be 
much higher on the second day than on the first, supposing the thermo¬ 
regulator to have been loft untouched. One cannot tell in advance 
what is going to happen during the night, and if one finds in the morn¬ 
ing the box thermometer indicating 17° and attempts to bring it up to 
20°, then either a long time is wasted in waiting during a very gradual 
rise, or else one is veiy uncertain as to the uniformity of the tempera¬ 
ture in the coil chamber. 

Again, in summer the room may bo at 22' or 23°, or more, and the 
only simple way of keeping the coil chamber at 20'—-vis., constant 
suppUes of cold water in the bath—would probably introduce unoer- 
tainties greater than those it removes. 

On the whole, experience at the Observatory suggests that it is best 
to ke^ the box nearly at the temperature of the room, so that seasonal* 
vwiatums of t between 17'-6 and 22'-8 have been common. Supposing 

• iBUiaaonnsofaiiiigledaj'iaxpsriinentithett 
only a few tenUii of a degrss. 


iniuallj 
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r - 20 2° 5, an error of B per cent ui the temperature ooeffioient 

would mtroduce the following errors in / — 

Nwir0“0 KeMlOO»C N«r 446" 0 

0 008 0 012 0 026 

The above renurks suppose that we are concei iieil -u m the Kew 
cxpcnmouts, with tho alt Me value of the phtmum thermometer 
Losistducee, and have to do with obsciiations taken on dificrent days 
In onhnary thermomotnc work unccitaintits in the temperature 
coefficient would lie much less senous suppuhing one to doteinune the 
fundamental iiitci val d uly and to combine together only such olisorva 
tions IS ire taken on the sirae diy Uiidei such circumstinces it 
would not m ittor how far icmovcd from 20 the tompcratiue was, oi 
how much in eiiui the temperature coefficient w so long as the tern 
porature of the coils w u> stnctly constant Unless however, the room 
containing the platinum thcrmomctois is kept it a constant tempera 
ture artihcially oris exceptionally situated its dim nil range of tern 
poi iturc will sel h ra lx, inappicuaUe 

Another snuico of unceitainty is the possibility f diffeionces between 
the temperature < oeffioicnts of the different box c nls ot betw een those 
of the two propoitioiul uma Such diffcienccs hi\c not been observed 
at Kew but there has been hardly iny diiect exj^nment and the com 
pinson of the lesults ftum two coil cumlinatiius such as CDF and 
C DGH, in which only the small coils are diffeicnt docs not afford i 
dolic ito test 

As a difference between the temperature coefficients of the propoi 
tiunal inns was suggested by the Cuubndge Instillment Comp my is i 
possible explan ttion of some phenomena (due, however, to some othei 
ciuso), It IS presum ibly a contingency which shoidd not be dis 
legarded 

Tiror in the temperature coefflaents, it should lie noticed, would 
only introduce irrogiilanty into the results of the Kew experiments 
It might conccivibly intr^uce an appircnt season il variation in Bo or 
m the fundament d interval, but could hardly simulate a true secular 
change 


Change tf 7ero on oiher Fnor m the, Marurg Therinoimter inside the Coil 
Chamhet 

g 24 An orroi of 0° 1 C in the estimatul temperature of the ooils 
afifocts the calculated temperature in the case of one of the ordinary 
Kew platmum thermometers by 0* 007 at 0’ C, 0 009 at 100" 0, and 
0* 020 at 446° C 

Thus for accuracy of the order 0* 001 at 100* C oi 0“ 002 at 445° C, 
the temperature of the coils must be known to 0* 01 C An ordinaiy 
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nnoalibrated mercury thermometer, even with an open scale, cannot 
be relied on to give tempuiaturo differences to thus degree of accuracy 
under the most favourable conditions. 

The thermometer in use in the Kew box is a good calibrated one, 
and errors in its graduation are unlikely to exceed 0°‘01. It is, how¬ 
ever, subdivided only to fifths of a degree, and individuid readings 
cannot cLiim an accuracy of 0 01. 

Fortunately, errors in reading merely introiluco irregulaiitios in the 
results, and so are not of fundamental importance in the present 
inquiry. 

A more subtle source of trouble is the secuhir change of rero, normal 
to mercury thermomcteis. A lise of 0“-l in the zero—which is not 
very much m excess of what actually ocenrted during the four years 
occupied by the experiments—would, m fact, exactly simulate a rise of 
0° 007 in the value of Ko. 

In the ordinary use of platinum thermometers, at least when there 
are moderately frequent observations of llo, the circumstances are 
different. The slow secular change of zero in the merctuy thermo¬ 
meter is then of little moment, whilo great importance attaches to the 
accuracy of the individual readings. 


Failure of ilte Box Mereia y ThrmtomeUr to gtve the Trw Tem/nraturt the 
CoUa and Btitlge IFiic. 

§ 25. If the room temperature is below 20° C., and artificial heating 
is employed, we may have a practically stationary reading on the box 
thermometer, and yet find it diffeimg by seveial tenths of a degree 
from a second thermometer whose bulb is at a different level in the 
coil chamber. Under such circumstances the temperature inside the 
coil chamber aLsu varies with the distance from the side or end 
walls. 

The coils are of various shapes and diameters, some coming much 
nearer the top and bottom of the coil chamber than others, and they 
are necessarily at different distances from the ends. Thus, under the 
conditions specified above, different coils may possess different mean 
temperatures, and the temperature given by the mercury thermometer 
may differ sensibly from that of any one of the coils. Even with no 
or^cial heating of the box, the temperatures at different parts of the 
coil chamber may differ by several tenths of a degree, when the room 
temperature is changing moderately fast In such a case the presence 
of water in the protecting tank seems a positive drawback, as it makes 
the temperature of the coil chamber lag behind that of the rest of 
the room. 

When the temperature of the coil chamber is altering, whether 
thronsrb artifi<ri&1 taaflnn ^11. .It... 
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their temperatore at different rates, and unless the mercury thermo¬ 
meter is specially chosen it may have a greater or a smaller lag than 
any one of the coils. The merciuy thermometer used in the Kew 
box, like most open-range thermometers, contains a considerable 
quantity of mercury, and when the temperature changes fast it lags very 
sensibly behind the coils. For instance, in some special steam point 
observations with Ki, when the recorded box temperature rose 2°*8 in 
twenty minutes, the rmrerUd bridge-wire reading fell about 0°‘06, 
instead of remaining practically constant as it ought to have done. 
The figures really show that the temperature of the box thermometer 
had lagged about 0°'7 G. behind t^t of the coils in use. This of 
course was an extreme aise, and under ordinary experimental condi¬ 
tions the difference between the temperatures of the box thermometer 
and the coils is hardly likely to oxceeil 0*‘3, and is probably seldom 
half this. Necessarily, however, a good deal depends on the depth of 
the bulb of the thermometer insido the coil chamber, and any alteration 
of that depth shoiUd be carefully avoided. 

§ 26. The temperature of the bridge wire is open to much greater 
uncertainty owing to its relatively exposed position. The whole bridge 
wire resistance in the Kew box is fully SO box units, and if this 
wore all on the platinum thermometer side of the "WTieatetone bridge 
the error arising from the assumption that it possesses the temperature 
of the box thermometer would bo approximately 0 * 008 t, whore t is the 
error, in degrees Centigrtide, in the temperature assigned. 

As T may easily amount to several degrees, an error of several 
hundredths of a degree might easily creep in from this cause if one 
used a large fraction of the bridge wire. Theoretically it is possible 
to keep the bndge-wire reading within 6 units of the bridge centre,* 
thus reducing the imcertainty to less than one-sixth of that existing 
in the extreme case supposed. This, however, has not been compatible 
with our practice of employing the same coil combinations for all the 
thermometers of the same pattern. 

Even with the drawback of temperature uncertainty it is (fften 
advantageous to make a liberal use of the bridge wire. It facOitates 
finding the balance, and in work such as the comparison of mercury 
thermometers at high temperatures, where rapid rwding is essential, it 
is a great convenience. 

It is thus highly desirable that the bridge wire should be better 
protected than in the Kew box, and that its temperature should be 
measured directly. 

Intnffidmi Immenum. 

§ 27. Supposing a correct mercury thermometer to be immersed in 
ice up to the reading -10* 0. on the stem, there is a column 
* TU* WM the policy Tooonnnfnded fay Mr. OMffitfat origiaaUy. 
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of mereory of about 10-degree divisiouB expoeerl to the influenoe 
of the Burrounduig atmosphere, whose temperature is, say, 20* 0. 
This emergent column possesses a mean temperature somewhere 
between 0* and 20°, and so occupies a larger volume than if all were 
at 0*; on this account alone the thermometer must read too higL The 
emergent column has a second influence tending in the same Erection •, 
it serves, conjointly with the glass tube, as a path for the conduction of 
heat to the bulb. In high-temperature measiuvments the error dtie to 
a long emergent column may amount to several degrees, the thermo¬ 
meter in this ease reading too low. The conduction along the stem is 
usiudly much the less important influence of the two. 

A platimun thermometer is not wholly free from immersion difll- 
culties. It is not sufiicient to have the sptVo/ inside the bath or chamber 
whose temperature is desired, so that the defect in a platinum thermo¬ 
meter is most analogous to the second source of error descnbed in ^he 
mercury thermometer. 

If, for instance, a platinum thermometer is buried in ice to only a 
little over the top of the spiral, the tube emerging in a room at 20’ C., 
the heat communicated to the spiral through the surrounding air or 
through the connecting wires raises the reading approdably. Similar 
insufficient immersion in the hypsometer sensibly lowers the reading. 

It was difficult to settle on a suitable basis-for comparing the eflects 
of insufficient immersion in the difierent platinum thermometers. The 
spiral is wound on a mica frame, and usually one of the small mica discs 
which hold the wires apart is situated immediately above the top of the 
frame. When this occurred I have taken the “ bulb ” of the thermo¬ 
meter as extending to the first mica disc; but in one case, whore the 
interval between the first disc and the frame was considerablo, I took 
instead the top of the frame itself. As a nilo, the spiral stops short of 
the top of the mica frame by about f cm.; so the definition is at least 
a lenient one to platinum thermometers. 

The tubes of Ks, Ks, and Kr being of transparent glass, the length 
of the “bulb” was visible from outside; but in Ki and K4 the tubes 
had to be taken off to allow of the requisite measurements being made. 

In the immersion experiments in steam the thermometers were 
carried in the usual way by a cork, about 3'25 cm. long, fitting the 
neck of the hypsometer, and the immersion was ooimt^ up to the 
lower face of the cork. Thus fully 3 om. of the tube immediately 
above the portion exposed to the steam was protected from direct 
cooling by the air. 

§28. Table X gives particulars as to the results obtained. It 
indudea the errors observed with the various immersions, measured on 
the hypothesis that an immersion of *' bulb ” 10 cm. was in all cases 

sufficient. It also gives the lengths of the “ bulbs,” and the m ea n tem> 
perature m the room during each soies of experimmits with ea ch 




when "bolb” onl/' 
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thermometer. This Isst information is of most consequence in the case 
of the experiments in ice, because the errors must then increase as the 
temperature of the room rises, and during the immersion experiments 
the room temperature was much below its ordinary summer value. 

Some of the figures aro based on two or three complete independent 
experiments, but others depend on only one expenment In most 
oases there were in addition several check experiments, with only two 
or three different immersions, but I have left these out of consideration 
in constructing the table. The results cannot claim any very high 
degree of precision, because it is difSoult to secure uniformity in the 
conditions, more especially when the immersion is in ice. The chfficulty 
is greater the loss the immei-sion. When the “bulb ” only is immersed 
in ice, the reading after attaining a minimum usually rises somewhat 
The phenomenon seems mainly due to melting of the surface ice, with 
consequent deterioration of contact liotwecn it and the thermometer, 
but possibly a difference in the circiimbtances under which the thick 
platinum loads and the compensator wires cool may possess some 
influence. In taking the muiimum readings, as I have normally done, 
I have of course, if anything, favoured the thormonicters. This hfis 
also been done to some small extent in assuming that “ bulb ” + 10 cm. 
is in all coses ample immersion. As a matter of f.ict, an unmistakable 
difference was observed in the rearling of several of tho thermometers 
when tho immersion was increased from “bulb” + 10 cm. to “bull)” 
+ 12‘5 cm. This diffbronce was not, however, .dways in one direction, 
tho phenomena in one case distinctly suggesting that cooling an 
mlditionol 2'5 cm. of tho compoiisator wires bad more effect than cool¬ 
ing an additional 2-6 cm. of the platinum loads. 

Tho oxponments are not sufficiontly varied to justify any too con¬ 
fident explanation of tho causes of the large fliflbronces between tho 
dififorent thermometers. Thus the pro-eminence of tho errors in Kj 
might at first sight lie attributed to the fact that the tu1)0 is of porcelain 
and of exceptionally large diameter; bnt Ki is also of porcelain, while 
Ko has a much larger diameter than K7. Perhaps tho most probable 
explanation is that is short for its tube, so that tho mica frame — 
whioh is exceptionally short—only -comes to within about 1 cm. of the 
end of the tube. 

Ceteri/i panlm^ wo should expect that with a given immersion, tho 
error would vary approximately as the difference between the tempera¬ 
ture of the immersed portion of the tube and that of tho air of the 
room, bnt to confirm or refute this conclusion would require a oonsidor- 
oble number of careful experiments in which either the temperature of 
the bath or that of the room alone is varied, all the other conditions 
remaining unchanged. We cannot make use of the experiments in ice 
and steam for this purpose, because the conditions under which the 
transte of heat occurs are radically different. We can meantime only 
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note M an isolated fact that the immeraion errors were only about 
50 per cent, greater in steam than in ioe, whereas the difibrenee between 
the temperatures of the room and the immersed portion of the ther¬ 
mometer was about six times as largo in tHe former case as in the 
latter. 

It may bo only a coiucidonoo—but if so it is a very curious one— 
that in the mean results, both in the ice and steam experiments, the 
errors diminish in geometrical progression as the immersions increase in 
arithmetical progressiun. 

An addition of 1 ^5 cm. (i e., one-quarter the length of the “ bulb ”) 
lowers the error almost exactly une-half. 

§ 29. Betuming to the genend question, we see from Table X that 
the immersion should bo at least 10 cm., in addition to the length 
of the “bulb”; in all, in the Kew thermometers, ut 16 cm. 
(6 inches). 

If the whole length immersed is less than 6 cm., the error in an ice 
or steam point experiment is unlikely to be much under 0°’l C. j and 
until the total immersion exceeds 10 cm., the error is likely to exceed 
0"-01 C. 

In “ fixod point ’’ experiments it is usually easy to have an immersion 
exceeding 15 cm., and the main results dealt with in this paper are, I 
believe, free from appreciuble uncertainty on this ground. 

There are, however, other circumstances under which immersion 
difficulties arise, as for instance in the comparison of mercury ami 
platinum thermometers at high temporoturos. 

Unless both the material of the bath and the contained liquid aro 
transparent, we must have the diviraons of the mercury thermometer 
which we have to read emergent. But with ordinary stirring it is also 
essential, except in a specially protected bath, that the b^b of the 
mercury thermometer and the spiral of the platinum thermometer 
should ho about the same level. These conditions are often inconsis¬ 
tent with sufficient immersion of the platinum thermometer when we 
are comparing tho lower part of the sc^e of the mercury thermometer. 
In fact, my attention was first directed to the question of immeraiou 
of platinum thermometers through .the unoxpect^ result that raising 
equidly the height of Kr and a certain mercury riiennometer in a bath 
of molten metal lowered the reading of Kt most. 

Another case where insufficient immersion is to be feared is in the 
determination of melting points of motidB such as silver. The omoible 
supplied for use with melting silver at Kew would, if full to the lip, 
allow an immersion of only 10 cm. in all. As the silver is stirred 
during part of the experiment, and is too precious a material to splash 
all over the furnace, the immersion 'cannot well exceed 9 cm., and may 
be considerably less. 

It is by no means impossible that insufficient immandon may have 
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been accountable for the fact that the mean valuea of the melting 
point of silver from experiments by Mr. Hugo and myself (six in all) 
were only 968°'2 0. with Ki and 967**6 with Kt; while Mr. Heycock 
and Mr. Neville, at Cambridge, found 96r*l C. with the same sample 
of silver but a different thermometer. This is 2* above the highest 
individual observation at Kew Observatory. 

Slownest of Phiinim Theimometera vn Arqutnng the True 
Tenq)e>ature. 

§ 30. When a mercury thermometer is taken from a room at one 
constant temperature into another room at a different constant tempera¬ 
ture, some time elapses before the reading becomes steady,; while, if 
the temperature of the mu-roiuiding mediiun alters, the ^ermometer 
shows a lag which varies with the thickness of the glass walls and the 
amount of mercury in the bulb. 

As we have seen, the naked coils in the Kew resistanoo box have a 
smaller lag than an ordinary mercury thermometer, but it is otherwise 
with platinum thermometers. Here the wire duos not come into direct 
contact with the external medium, and the attainment of the steady 
state is somewhat slow. 

Experiments have been made with some of the Kew thermometers 
which have lioon suddenly transferred from a bath about lb* C. into 
ice, or into a hypsometer in which the water is freely boiling. The 
interval, in seconds, was observed which elapsed before the bridge-wire 
reading came to 1°, 0**5, or other fixed distance of the final stationary 
position, this position had been found in a preliminary experiment. 

In all cases the immersion was similar to that of the ordinary fixed 
point experiments. 

Two mercury thermometers. Nos. 686 and 750, wore experimented on 
in an exactly similar way for the sake of comparison. Ikey are both 
Kew standards of the following dimensions;— 



Length of . 
fuiidAin6utal 
interval. | 

Diitsnce of aero ' 
mark from lower 
end of bulb ^ 

Length 
of bulb. 

Diameter 
of bulb 


cm. I 

cm. 1 

cm. 

cm. 

1 KJ9.686.... 


21 

2*6 

0*6 

1 KJ3.760.... 

82 

8 j 

2*2 

0*5 


I have not thought it necessary to go into full detallg of the observa¬ 
tions. The following table gives the number of seconds required to 
get to r and 0**6 of the stationwy temperature in iee, and to 1*, 0**6, 
and 0**26 of the stationary temperature in steam. It was found that 
YOL. LXVII, D 
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the rapidity of attaining the steady state in ioe depended greatly on 
the tightnuss (A the packing and the moistness. Thna, partionlara 
are given of experiments made with the ice variously treated— 


Table XI. 


_ 




It 








A« ummt. 


Hlted with 

Stwiii. 


but not 
(Moked tight. 

tight. 




Tlirrmometnr. 

1-, 

0»*. 

I® 


1°. 

o**a 


0°-8. ' 1*. 

O’ ft. jo“-»' 

K, .. 

tr 

XS IMS. 

K S. 7&0 

A1 

lUJ 

m 

38 

AO 

48 

A\ 

!S 

Si 

u 

u 

M 

= 

~ M 

- 

44 AA 

HI — 

77 1 W 


Most of the data are based on at least two experiments. The 
different experiments with any one thermometer in steam wore in good 
agreement The agreement in the ice experiments was pretty fair 
when the ice was moistened or was tightly packed; when, however 
the ice was not freshly moistened and was only loosely packed the 
results were very variable. The intervals 1°, 0**5 were generally only 
approximate, and to elucidate the exact law of cooling or heating 
wojild require a more complete investigation. The data are, however, 
exact enough for general conclusions. 

The most strildng fact is the extreme slowness of all the platinum 
thonnoraeters as compared to the two mercury thermometers; and it 
should be noted that ^ese two thermometers are not of a type intended 
to be rapid. 

To get within 1* of the steady reading, the temperatures of the 
thermometers had to alter about six times as much in steam as in ice. 
The times required for these two changes are pretty much alike in all 
the platinum thermometers, supposing the ice tightly packed, as it 
UBU lily is in the normal experiments. Thus the approach to the steady 
state is decidedly slower in ice than in steam, and a longer time must 
be allowed in the former case than in the latter, 

§ 51. Some rough calculations, based on the observations with Ki, 
summarised in Tibbie XI, point to the conclusion that 3*6 minutes’ im¬ 
mersion inico and.2'6 minutes’ immersion in steam would suffice to bring 
the reading withi^i O’-OOOS of its stationary value in the case of this 
thermometer. KAand K, are decidedly less rapid, and I should con¬ 
clude that ten minmtes’ immersion in well-paokod ice and five ndnates’ 
exposure to steam Vre by no means very ezeesdre allowances in the 
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case of an average platmiun thermometer It has been ciietomaiy at 
Kew to allow a fully longer immersion than ton minutes m ice liefore 
t iking the first reading, and I think that in the case neither of the ice 
nor the steam point observations h w there been my sensible error 
through exeessive hurry 

At the sulphur point the attainment of the steidy stite is a tedious 
process Keyings t iken with the short-stem thermometers Kj and 
within thirty or forty imnutes of their first exposure to sulphur vapour 
had nearly always to be rejected being conspicuously low One h id 
in fact to allow about in hour with these theimometers Fien with 
the longstem thermometeis whether gliss oi poncliin it leist firty 
nuimtea exposure to sulphiii v ipoui u u> found desirable A guoil di il 
depends on the gas supply and on the qu ility of the Biuiseii bui nor 
iis^ 

In some of the sulphur point expeiiments it Kew it is open to doubt 
whether the stationaiy tempeiiture hil letn ilsrliitcly attamoil 1 iit 
I do not think iiiy senous uncetbunty w is intro lucod in this way 

Jnptittij VI till T f I fl t/t fdltH/ R I J II hi it If iii flir MUh I J 
JI ralvij it 

12 The 111 employeil at Kew Olisiiviteiy is bupplied in laige 
blocks which ire w ished pnor to use As the testing of thermometers 
in ice IS i frequent occurrence the assistiiits hue no lack of expenence, 
and since a planing machine was introduced some >oiib ago the ice as 
piepaied has licen >oiy iinifoim and finely diiidul Ihe ice employed 
in the platinum thoimomotry has Ixien taken fiom the supply useil m 
the ordinary test work, and is the purity of this ib frequently checked 
by observ itions with Kew standard theiroometeis no senoiu impmity 
need bo feaiod Ihe check would, I allow lie hanlly adoqiiite to 
bcttlo a question of two or throe thoubandths of a degree, and no doubt 
for work of the highest iccuracy a more stniigeiit test would lie 
desirable Strong coiifimiatory evidence of the unifoim purity of the 
ice 18 iQbrded as will lie seen presently by the small i inability in the 
observed vilues of the fuiidimental uitervilb of the thermometeis 

The method of preparing and moistinnig the ice seems to exeit i 
small but sensible influence on the Uji it zero readings of moicimy 
thermometers, possibly because the amount of the depression must be 
influenced by the rate of cooling There beems, however, to be very 
little if any effect on the zero r^ing of a platinum thermometer, bO 
long as the immersion is ample and the temperature of the room is 
moderate 

Enor tn the Bolometer 

^33 Ordinary errors of leading, lag, or improper tempciature 
correetson would merely introduce irregiilanties into the calculated 
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boiling points; but an undetected change of zero in the barometer, or 
an alteration in the method of reduction, would simulate a change in 
1(] and Tl(, the same for all the thermometers. 

After the first few ohson'ations the Kojral Society’s old double tube 
merciuy bjiromotor—repaired some years previously by Messrs. 
Nogrotti and Zarabra—was set up in the platinum thermometer room, 
and it has since then licen use<I in all the steam and sulphur point 
observations. A recent coinpai-isoii between it and the Observatory 
standaid Itaronioters shows that no certain change of zero has occurred 
since it was sot up. The sutface of the mercury m the cistern of the 
barometer is about 6 inches lower than the surface of the n-ater in 
the hypsometer, ami aWit 11 inches loM'cr than the surface of the 
boiling sulphur. No allowance has lieen made for these diflerences of 
level, as they would introduce extremely small and practically constant 
errors in the two Iwiling pointe. 

The same reduction tables have licon in nao throughout, and the con¬ 
stant factor 1*0006 has lieeii applied in the reduction to gravity at 
latitude 45°. Until staiularcl gravity is more exactly defined, and 
relative values of gravity more carefully determined, the accuracy of 
the reduction is open to question, but for the purposes of the present 
inquiry the uncertainty is quite inunatoriul 

As to the accuracy of the individiud barometer ohsen’atioiis, I need 
only say that readings by Mr. Hugo and myself seldom differed by 
more than 0 001 inch. The instrument has a tube of O'C inch in 
diameter and responds rapidly to alterations of pressure, so that no 
serious error need 1>o apprehended from lag. 


IwjntiHfff in llur SuljJmr, dr, 

§ 34. The sulphur made uso of in the experiments has all been 
obtained from Messrs. Baird & Tatlock; it baa lieen produced by 
Chance’s process. 'Though several supplies have lioen obtained, at 
different times, no discontinuity has lieen obseived in the sulphur 
points; thus, unless our oxpeiioiice has been unduly favourable, 
sulphur has at least one great merit as a medium for supplying a fixed 
high temperature. There are, however, certain disadvantages which 
have introduced some variability into the condiUons of experiment. 
After an experiment the sulphur solidifies in the tube oontauiing it, 
and the remeltmg it on a subsequent occasion not infrequently ends in 
cracking the tub& On one or two occasions a crack went right round 
the tube, at a considerable height above the bulb, after the stdphur had 
been melted and experiments wore progressing, and on other oocasionB 
Uie tube ww found to have crooked a day or two after the snlphur had 
cooled. Of me batch of tubes, of thicker glass than usual, several flew 
into pieces a^r the sulphur had liquefied, and the observer was lucky 
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in escaping with no damage except to his clothes In consequenoe of 
this defect, we hv\e had to employ ibout a score of tubes, and these 
have not tieen stnetly uniform in length thickness, oi di uneter We 
have also h ul to employ i considerable numboi of sm ill ishestos cones, 
of the pittein lecouimended by Mr Hoyeoek and Mr Neiille, ind the 
tightnesb with whuh these have fitted the tubes has vaiied sensibly 
nius the sulphui point olwcrvitiom. have boon tiken undei more van 
able conditions than those at the steam piint 

Wo have not indeed obwrved viiy coitun consequences to foUow any 
of the minor changes dosenbed above, but more caieful exponmenta 
would be nocess iry to justify the coiielusioii that the v in itions iie 
immatenal I am, in fact, mibiied to think that vtuitions in the 
length of the asbestos cones or in the tightness with which they ht the 
tube aie siiihcieutly piubtble soiiices of uiiceitainty to deseive iiivesti 
gation 

J<ti» in the Joimila «» urn //w He I m tnn f the Jiothnj Potni of 
Silpl utH J i 

^ 36 In mother direction theie is I think, little doubt tbit ippro 
eiible 0 101 ovosta, viz, in the luluetion of sulphur point oljservations 
to the stiiidard biromctno piessuie P feshor (allendar ind Ml 
Oiifiiths accept a simple lineir lehtioii 

Af-(p-760)x00S2 (10), 

wheio A/ IS the increment m the toroporatme if sulphur vapour, on the 
air scale, when the bviometei is p nun. uibteul of 760 nils is based 
on some expenments by BegiuuUt, who o\ iininul a wide miige of pies 
sure, but had so few eYpeiimontal points tint interpolation u veiy 
uncertain 

j-f pi 1 ) 11 , hivuig regard to the correspondii g phenomenon in steam, 
one would haidly anticipite great iceiu icy fiom a hnear relation, 
unless lestncted to a veiy hmit^ laiige while in ordinary every day 
use we must be prepared to covet it leist a range of 10 mm The 
Kew experiments, havuig been taken without any special legard to the 
atmospheric pressure, naturally uivcr i fau-ly wide range, and thus 
afford a fivourable opportumty of testing the accuricy of (10) To 
this end I have carefully reduc^ all the sulphur point ev.pcunient8 in a 
uniform way 

Assunung Calleudars foimula 

t-pt - S[(V10O)’-(nO0)], 

•we may, near the sulphur point, conveniently give it the form 

pt-pt,~{f- <.) LI -100 ^(2<, -100)] -100 ««(< - t,Y (tl), 
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where t, and pt, are the tempoiaturoe, on the gaa and platmum scales, 
of the sulphur boding point at standard piessme 

Hence if (10) be coirect, \ve ha\o, pt answering to the temperature of 
sulphur V tpout when the pressure is p mm, 

pt-pf-0 082(/ 760) [1-100 S(it-lOO) 

-100 6x0 082(p-7G0)] (12) 

Supposing for inst nice 6 1 5, ind t, =• 444 C1 then 

pi,^ll 0082(/ 760)[0ft8164 0 000012(p 760)] 

h 01 any ordinal v b urmctiic i inge the toim cc nt lining j 760 nisi lo 
the squ no bracket is nCr,Iigihlo nid so nc m ly t ikc 

lU It 00721(^ 760) (H), 

where the last signific int figure is of course luiceitain 

In ictud ipplicition;f lathe olnorvoil value of 100(U I{o)/(lii llo) 
in a sulphur point exponment taken when the i educed btuaimetei read 
ing is j while pt, is the v due cdculitod from thu expciimont foi the 
phtimun tcmpoMtuio of the boding point of sidphui it standard pres 
sure, on the assumption that (10) is conoct 

^36 In cilculating I adopted two methods hirst I took foi 
Bi 11 in each puq of oxpoumonts with a given thcimomotcr (i gi jup 
including all thu expenmonts nuule duiiiig one yen, ot duiing the time 
one pirticidai cdibration was in vogue) the me in of the obsoived 
V lilies of the fund imcnt tl intci v il duimg the epoch in question Next 
1 used fui eich sidphui expeiiment the individual value of Iti-lm 
found fiom the (uiiosponding ice ind stcim point obseivitions These 
olncivations wcio usually taken on the same day is the sulphur point 
observition, or on the previous dij I thus obtained two senes of 
values oi if. In the hrst, one piinupal source of uncortamty wis 
largely eliminited, whdo, in the bocond, onothei pnncipal source of 
unceitaiuty was largely reduced 

The following tiblo shows the lesidts foi the longest epoch con 
siderod, viz, fiom September, 1897, to Janiiaiy, 1899, uidusivro, cover 
mg the tunc when Calibrition III was in vogue Durmg a set of 
sidphui expel unents with the different thermometers the barometne 
height of course varied somewhat thus the pleasures given in the hrst 
column of the tiblc are only approximate The bteak in the table 
sepaiates the cases wheic the reduced batomotnc height was above 
760 mm from those in which it was below The results m the last 
two hnea are ba^ on the exact barometne readings observed during 
the expenmenus pn the individual thermometers — 



Platinum Thermomttry ai Kew Ohttrvatory. 


1 

1 


•!ss^?ssi sisjis 
?ii . 

II 

ii 

11 


oJ;????S2S S?:5!?S 

is 

li 

■fj 

•S-2 



ii 

Ii 

1 


??. 

11 

§1 

1 

1 


°;!;3S!8s$si ^1^1$ 
?• • • 

%% 

s > 

31*® 

!l 


o!;8SSg?S5 

i§ 

?iii 

1 


olisssssps? S??Sfe^ 

'is 
• ■ 1 

iiii 

i 


??«?? 

if 

-S'®-? 

pi|s 

f 



ii 

A V 


'r 

! 

gsggsss ||Sg| 

£ 

i 

1- 

1 

I- i 

II- 












40 


Dr. C. Ohree. IweettigaHoni <m 

g 37. A similar treatment of the entire number of observations with 
these four thermometers—viz., twenty-four with Ka, twelve with K7, 
and twenty-one with both Ki and K«—^making use of the individual 
fundamental intervals only, gave the following results :— 


Table XIU. 


PreMure 

Mean preeiuros 700 + 

Mean raluei of pt,, 421 + 


K,. K,. K4. K, 

K,. JC,. 

K,. K, 

Above 700 .... 

67 67 60 -CO 08 10 68 77 

-608 -612 

626 -633 

1 Below . 

54-08 64-00 64-63 68-fil 

■468 486 

■526 -402 

, IhffeMncai.... 

13-49 13 60 11 56 14 86 

■040 -127 

■009 -131 

1 Thui variation ii 

n pt, per 1 mm. of preemiro 

0 0030 0 -0101 

O'OOSG 0*0088 j 

_l 


As wu shall see later, the thermometer Ki has undergone a change. 
Its pt, has risen, and the apparent smallness in the variation m its case 
in Table XllI seems latgely due to the fact that amongst the latest 
experiments there was a preponderance of cases where the barometer 
was below 760 mm. 

g 3K. Tables XII and XIII prove, I think, beyond a doubt that the 
Callendar-Giiffiths reduction formula (10) assigns an iippiedably too 
small value to the variation of the temperature of sulphur vapour with 
ptossure near 760 mm. This is the conclusion to which the results 
from every single thermometer point, and the phenomena are too con¬ 
spicuous to be attributed to accident or to experimental errors. 

The agreement between the results m Tables XII and XIII is, I 
admit, not all that might bo desired, and any iiumencal conclusioiia 
based on them are perhaps hardly likely to be final. Still I have 
thought it worth while to see what these conclusionB are, proceeding as 
follows:— 

Suppose that the Calleiidar-Qriffiths formula (10) is defective in 
omitting a term in {p - 760)* and in assigning an incorrect value to the 
constant midtiplier of the term in /< - 760. 

Then, supposing us before S — 1'6, wo should replace (13) by 

- jrf.-*■ (0 0723-ba) {p - 760) + y{p- 760)*.(14), 

where r and y mm be detenuined from the experiments. As all the 
observations had^^n already worked up applying (10), it seemed 
simplest to take mr data the values calculated in this way for pt^ 
determining x anal y by least squares from the observed differenoes 
between the oaloul^ed values and their meaa 
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I first took the data in Table XII and added to the uidividual values 
for ft, in Ki, Ks, and K the moan of tho diflorences between the values 
oi^, found >iith these respective theimomotors and tho rorresponding 
\ dues ui K( As the corresponduig values of in those four thermo 
meters answered to nearly the same barometric pressure, one got in this 
way a moan ft, answeiing \ory fturly to tho moan liarometnc pleasure 
Applyuig formula (14) to tho figures so olituned, I obtained by least 
squares 

= +0 0063 / +0 00018 (16) 

Next I took dl the observ itiuns m ide with Ks uid K 4 —excluduig 
one whin the asbobtos cone fell off—and combimng the observations 
mvdo on the svme days got twentj four vd les of //, as given by tho 
foimida (10) Combining these two and two m tho oidei of tho cone 
sponding birumetno pressures, I found fiom tho resultuig twelve data 
by least equates 

- +0 0087, u +0 00021 (16) 

ior ready compmson I show side by side tho formula icsidtmg from 
(16) and (16) as well os those liasul on the Callendar Giifliths value 
In thobo formula, t, and//, ue is befoio the temiieraturos on the au 
and platmum scales of sidphur v ipom Ijoding ( / r the hi tnJai I f^emiii 
760 mm, while t and ft aio the conesponihng temperatures when the 
pressuie is not 760, but f mm It ib supposed that 6 - 1 6 m tho 
formula for// 

Callendai and Gnfflths fjit - / /,+0 072 {f 760), 
fromRegnault 1 / - /,+0 082(/ 760) 
from (16), *< , by ex ' 

peiunents on Ki, Kg, pi „ //,+0 078(/ 760) + 0 00018(/>- 760)*, 
Ki, and K , between 

Sept 1897 and Jan /- /,+0088(/ 760)+ 0 00020 (p-760)* 
1899 

From (16), te, by ex 
penmonts on Kg and 
K 4 between Got 1896 
and Sept 1899 

In restnoting the second calculation to Kg and I was guided by 
the obvious change in Ki and by the comparative fewmess of the expen 
ments at the sulphur point with Kg, K» and K 7 According, however, 
to Table XIII the variation of jt„ per 1 mm pressure, deduced from 
the expenments on Kg, is exce/rtioiudly high Further, tho agreement 
between observed and calculated values in the second calculation was 
not so good as in the first I am thus disposed to attach somewhat 


1 p< - p<, +0 081 (p - 760) + 0 00021 (p - 760)*, 
J 1 - /,+009i(p 760)+ 000024(p-760)* 



42 Dr 0 Chree Inveaftgatvm on 

more weight to tho result of the first calculation In any case I have 
httle doubt that the formula 

f - <,+0 090 (/) - 760) + 0 0002 (/> - 760)* (17) 

will prove oonsidoiably moit exact than the formula (10) now in use 
further direct OYponments on the point aie, in my opuuon, desirable 
g 39 In our previous calculations wo have employed Callendar and 
Griffiths’ value, 444 flJ C, foi tho bulling point of sulphur This is 
supposed to be measuiod on the scale of the constant pressure air 
thermometoi It is ibout 0 7 C lover than the value recciitl} found 
liy Chappuis and Hirkoi, employing tho constant volume nitiogon 
thermometer We do not as yet know enough iboiit gas thermometry 
to judge of the consistency of the two lesults, or of the degree of 
accuracy either can cl urn It is thus desitable to know how the 
previous results would be influenced by a slight change in the accepted 
value of Ig Such i change would not affect any foimula hko (10) con 
necting I andy, and it wotdd modify formiilw bke (13) contaimugyf 
only mrbrcctl} thiough change in S Ihe change AS in 3, answering to 
i sm ill ch inge m ig, is given by 

At * A<, [10« - 8(2/, - 100)] - [/,(/, - 100)] 

Using Cillendai and Griffiths’ value of /, we get appioximately, 


when 8-16, 

- 0 0576A/, 

For instance, if 

A/. - 0 7* C, 

then 

A8 = 0 04, appioximately 


CiNiiiTKifm Juimlihtif f PIthnum IhnMonutef^ 
g 40 Supposing the R# of i theimomctoi, determined in the usual 
way, to show a distinctly lowered value as tune proceeds, the cause 
might be a change in tho leads, or m the proportional arms, or m tho 
box ooils, and not a real change in the thermometer itself There are 
no certain dita as to the onginal equUity of tho pioportional arms, 
but as Dr Harkor recently found them to differ by only about thiee 
parts in 20,6p0, and as they were, doubtless, made as nearly as possible 
equal at first, there is reason to suppose that any uncertainty on this 
headissmall \ 

On the other\liand, us shown by Table III, changes in the leads have 
been largo andy fluctuating As no data exist for ehminatmg this 
unoertornty m k direct way m tho corker observations, I have based 
Gie mquiry into constancy of the thermometers mainly on an mter- 
oompanaon of thepisolvee As the same coil combmationB were used 
for every one except K^, and as the thermometers have nearly equal 
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fundamental interrals, and were compared in the groat majority of 
instances on the same or on successive days, the differential results are 
but little exposed to the chief sources of imcertaiuty. 

Before discussing the differential results I shall glance briefly at the 
absolute data obtamed when the leads were interchanged. A summary 
of these is given in Table XIY, along with results of observations with¬ 
out interchanged loads on Octobci 4 and December 8 and 9, 1897:— 


Table XIV.—Values of Ro. 


Date. 

Leads. 

K,. K,. E, 

Seiitumber 21, 1807.... 

mterohanged 

2(7-756 257 856 267-453 256-708 

Oiiober 4,1807. 


-780 -883 -431 -872 

Decomber 8 and 0,1897 

ai uiuai 

-760 -827 -420 -672 

Moan uf eiperinienta 



between Haj and Sep- 



♦oiiiber, 1800 . 

interclianged 

•72.3 856 462 •711 

--_ 1 

— _ 

- — _ 


The leads had been adjusts*! to approximate equality between 
September 21 an<l October 4, 1897; we may thus reasonably suppose 
that the changes expoiienced prior to Decendiet 9, 1897, were smalL 
Also, judging by what was olworvo*! on October, 1898, such change as 
might have occurred would tend to diminish Ko Wo may thus reganl 
the results obtained on October 4, and December 8 and 9, 1897, as 
proving that the observations on September 31 chd not suffer from any 
notable source of error peculiar to the day. 

Comparing the results obtained on September 21, 1897, with the 
mean residts for 1899, we obtain a surprisingly close agreement in the 
case of every thermometer except Kj. 

This certainly is pretty strong evidence of constancy in at least 
three of the thermometers durmg the lust two years. It is of couise 
possible that a common change might have occurred, and that it was 
masked by a corresponding equal change m the box coils; but as these 
coils are of a different materitd, platinum silver, and have been exposed 
to wholly different conditions, such a coutmgency is improbable. 

§ 41. For the purpose of intercumparison, I have selected as standards 
of reference Ks and K|. These two thermometers are almost identical 
in pattern, and have boon exposed to almost exactly the same treat¬ 
ment, usually being compared in immediate succession to one another. 
Taking the mean Bo, Bi, and B. given by these thermometers on each 
occasion, I have found the difference between these means and the Bo, 
Bi, B« of each of the other thermometers. I preferred taking the mean 
for the two thermometers to taking either alone as a standai^ because 
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by doing 80 , obeoivAtiontl erroia bhoiild bo ronderocl leas important 
Also there wis no icaaon for preferring one to the other Ibc II and 
Kiof Ko have boon multiplied by 0 4 to reduce thorn to ippi o\im ite 
equility nith the correspoiuhng quuititios in tho other thiini nutus, 
and in this instance the dati gl^LIl are limited to the case wluie tho 
leads More inteichanged Tho 10*1800 foi this is thit the lalut cf S 
in Ko 18 affected by 1 '***'lM*dit\ in tho loads by no mne thin tho 
E in Ka 01 so thit incpiahty in th( ha Is nould infl itiict stub i 
quantity as 

0 4 K (in K ) (mt in Eo of Kj and K 4 ) 

Die differenics between the K U indK^of K) uid K 4 iieaK) given, 
so that tho differ eneis of any theinmmetei fiom Ka ind K 4 stpn itcly 
0 mid lx it orue ilitaiiie 1 from tho tille Such iheiliiq, is K 3 K 4 
means that thi It It or R*— is the c iso may 1«—c f K w hen sub 
tiaoted ft mi thit of Ka gives the lesiilts in tho culiuniis of I ible XV 
(p 4,) 

Ihe diti enclosed in tho [ ] bmekets are I hive loisoii t> think 
affecUd 1y expenmenld eiioi while these in the ( ) bi ickets ue I 
lelievi correct but duo to exception il cuciunstinccs These diti ue 
not takonint 1 iccount in the me in valin s Pitim thebriekets } leftr 
t) two independent obsoi v itions during the s ime mmth The bl inks 
111 tho case of K and K anse from the iWiiee if these tliemi nieteis 
at bivies and fiom tho ehiiiges in the foimoi thermoniLtei during 
1M96 

^ 12 1 ible XV shows that if anj lelitive thaiige his lecmied 
lietwoon K 4 ind K 4 since 1896 it must he vei} smill The h„u es aie 
not howevoi, ibsolutely inconsistent with i sbght 1 eduction m the 
iliftennce between tho two resistuices 

Ihere is the doarest ovnlence of i giadual fill in the Ke and Bi of 
Ki relative to the eorrosponcbng quantities in K^ ind K 4 the change 
being greatest in the case of K| On the other hand the K, of K| has 
apparently iiseii during tho list two jeirs lelativo to the mum K, of 
K) and K 4 As the lesistancc of Ki atO C 11 . iiitcrmcdiaU between 
tho resist inees of Kj and Ki it is impossible to attnbuto the phenomena 
t) changes in tho proportional arms, or in the coils, or to uiy other 
external cause I thus see no alternative to the conclusion that in Ki 
there has been a diminution m tho resistance in ice and in the fund 1 
mental interval iccompamed by an increise m tho ice sulphur and 
steam sulphur intervals 

In lU early days K» was several tunes exposed to the tempei ituie of 
molten silver, but the last exposure preceded 1897 Table XV shows 
no other ceitain^example of relative change except m the case of Kj 
when quite now The fiist oxpeiimont made with this thermometer was 
on February 12,1898, by which tune the observers had become fairly 
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export. On this day obsorvationa wore taken at the ice, steam, and 
sulphur points, and on the same day observations were also taken with Ks 
and K 4 . Further, both Mr. Hugo and m}rsolf oliservefl, each with two 
sets of coils, at the ice and steam points, and our observations wore in 
excellent agreement Thus I think the evidence is almost conclusive as 
to the reality of a fall in the Ro and 11 ] of Ka, in consequence presum¬ 
ably of its first exposure to the sulphur point temperature. This fall 
was apparently about O’d in the case of R«. 

This is not the only case in which this phenomenon occiurod. Thus 
on April 24, 1896, the thermometer K.>, which had been freshly rema<lo 
after a breakage in silver, gave an R] of 350'607 immeiliately prior to a 
sulphur point experiment, while on April 27, the value found for R| 
was 356‘404 There is no reason to suppose that any sensible change 
in the lo.ida had intor\'onc<l 

§ 43. Much the clearest evidence of sudden changes arises, however, 
in the case of exposiue to the temporuturo of molten silver. On 
Decomlior 24, 1895, Kj was exposed to this temperatme for the first 
time at Kew,* the experiment Iteing immediately precocled and suc¬ 
ceeded by steam point observations. It was found that Ri hiul 
changed from 357 5.35 to .357'014, representing a fall of 0'’52. On the 
next trial in steam the value found for Rt was 357’057, but us the Hi 
of Ki and Kt showbd also a slight app.irent rise during this inten al, 
the cause was most probably a slight change in the leads In March, 
1896, K 2 broke in silver and was remade After exposure to the tem¬ 
perature of sulphur vapour on April 24, as alroaily descrilied, it was 
tried in molten silver on April 27; on which occasion its Ri fell from 
356 404 to 356-050. After a soconil sulphur point experiment on June 
26, when no certain change occurred, K.. was trioil a second time in silver 
on July 2, and its Ri again fell, though only by 0°-16. Altogether, 
lietwoon Apnl 24 and July 2 , 1896, the Ri of showed a total 
apparent fall of 0”-735, whilst the corresponding moan apparent fall in 
Kj, K 4 , and K'„ as obtained by interpolation, is only about 0°'016. The 
moan fall in these last throe thormomoters b doubtless a nearly correct 
measure of contemporary change in the loads; and wo thus conclude 
that two exposures to the sidphur point temperature and two exposures 
to molten silver had produced a fall of approximately 0’'7 in the soro 
of K,. 

The thermometer K) had been in molten silver in September, 1895, 
before it came to Kew. On its first expoeiu-e to molten silver at the 
Observatory—the exposure being ns usual preceded and followed by 
steam point observations—the fall of Rj was only 0’‘08; and on two 
subsequent ocensiotu the effect, if any, was very small For instance, 
on the last occasion the 'apparent fall was only 0**009. 

• It WM said to hare bsenYeated in September, 1896, at Cambridge, to fully at 
high a temperature. 
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g 44. We have next to conrider the constancy of the fundamental 
intervals. Corresponding ice and steam point ohwrvations wore almost 
invariably taken in immediate succession to one another, so that 
ordinary changes in the leads could hardly afieot the results. I have 
divided the data into groups according to the date, and give only the 
mean results. lu the first group there wore only two observations 
and in the last group only three, except in the case of Ki and Ko, 
whore five obser^'atioiia had Ijeen mule In the three intermediate 
groups the means are nearly all l>asod on six olrservations. A few 
observations mode in the early part of 1897 have Imon wholly onutted, 
as the state of the leads w as certainly not then satisfactory. 


Table XVI.—Mean Values of FundamenUl Intervals at difierent 
Epochs. 



Calibra. 








Epoch. 


K,. 

hV 


K,. 


K,. 

K,. 



09-t- 

1004 

S«4 

094 

1004 

2604 

004 

1886 

I 



•066 

•711 


•246 


1886 

I 

812 


•981 

•709 

•247 

301 

•295 

Sapt, 1897, to 1 
Snr. 1898 1 

III 

•776 


■942 

•672 


•157 

•266 

ii 

III 

•768 

.. 1 

1 •946 

•671 


•163 

•267 

May to Sapi., 1899 

IV 

1 -712 

867 

•026 

•060 

•188 

•171 

•236 


Accoi-ding to the table there is a fall in the fundamental inten’ol of 
every thermometer between 1896 and 1899 It is probable, however, 
that this is mainly if not entirely fictitious except in the case of Ki. 
When the resistance box was alterwi in the summer of 1897, the coils, 
as Table IV shows, were slightly disturlxxl, and in all probability the 
mean box imit was slightly altered. An increase in this unit of about 
35 parts in 100,000 would accoimt pretty satisfactorily for the apparent 
differences in the results of the second and thinl epochs of the table. 

During the third and fourth epochs nothing happened to the box, 
and Ki is the only case where there is any noteworthy difference 
between the corresponding means in the two epochs. 

Between the foiirtb and fifth epochs the coil I broke, and its resist¬ 
ance was diminished by about 0'66 of a box unit by the resoldering. 
This fact, and the comparatively small number of observations on 
which the means are ba^ during the fifth epoch, predispose me to 
query the apparent falls in the fundamental intervals of K, and 
In the ease of Ki, however, the fall is too large to bo explained away, 
g 46.';In8tead of attempting to trace changes in the iceeulphur 



Table XVII —Mean values of [= (1001)(R, Ro)] for Epochs stated 
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interval E,—Ko directly, I pass to the consideiation of jit, and I, as 
quantities of more immediato interest The constancy of one of these 
quantities is involved in that of the other, but each has an interest of 
its own I have thought it desirable to give the results obt lined from 
formula (17) as well as those obtainul by accepting the Cvlleiidar 
Griffiths foimula (10) 

The thermometer called K in 1896 w wholly diffeient from that so 
denominated in 1899 

With the exception of the 18)9 results in Kj, ind the 1897 lesults 
in K , every mean in the tiblo depends on it least four olisoivations, 
in some instances eight were av ul ible 

Iho existence of i grvlual nse in the of Kj with coiKsponduig 
fall in Its S, 18 placed I think beyond doubt In the cise of the othei 
thermometers thoie is no fluctuition which might not leasonibly be 
attributed to orroib of observatiou or imcertaiiity in the prcMbiue leduc 
tion foimula 


Ihffaincis letwrin the Ihetmomitei^ 

!) 46 A chfreronco tictwcon the values of Eo or I in two theimometors 
docs not necessanly imply any ibffeieuce lietween them as measurers 
< f temperature The temper iture j < is aiitio ind so should depend 
SI Icly on the law of increase of lesistuico with tenipeiatiurc 

If the drawing of platinum wne aflccts its physical properties we 
miy perhaps expect differences lietween the temperituro relations of 
wires of different diamcteis But theio it no obvious reason h jnuni 
why differences should exist between specimens of wire of the same 
thickness from the same sample of platinum It is clearly desirable to 
ascertain whether such diffeienoes exist and if they do whether they 
follow any recognisable law Thib is the more important at present 
owmg to the recent proposal made by Ib'of Callendar to the Bntash 
Associafion to set up standaid platinum thermometers made of some 
one sample of platinum wire 

Kefernng to Tables XYII and XVIIT, wo see evidence of differences 
between certain of the thermometers Ihe consistency of the mean 
values found ui different years for pt, in Kg and renders it im 
possible to asenbe to expenmental enor the very considorable difier 
ences between the values of pt, m these two thermometers, and in the 
original Ki and Kj 

§47 The evidence afforded by Tables XVII and XVIII as to differ 
ences between Kg, K^, Ko, and K is loss conclusive I have thus had 
recourse to two more sensitive methods of dotectuig differences 
The first of these consists in taking the ratios borne to one another 
by the resistancee at the ice, steam, and sulphur points The taking 
note of the value of Uj/Bo was m fact recommended originally by 
Mr Griffiths as a dehcate means of chcclong the accuracy of individual 
VOL ixvu 
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observations, and the practice was continued for some time after the 
experiments commenced. The value of those original calculations is, 
however, prejudiced by the fact that the results are affected by any 
want of equality between the loads, unless this oan be elifninatod. I 
have thtis included in the following table only those olisorvatiotis in 
which the difforonco between the leads was known and could lie allowed 
for The thermometers are arranged in descending order of Tli/Ro 
diuing the lust epoch. 


Table XIX. 


Thermo. 

meter 

Meen ralttcs of B|/Ro. 


Mean raluoa 
ot 71,10, 

Sept 21,1807. 

Oct. 1808, to 

Jan , IttOO 

May—Sept, 
1899 

May—Sniit, 
1800. 


(Cal III) 

(Cal 111) 1 

(Cal IV) 

iCal IV). 

K» 


1-88792 

1-38787 

2-68527 

h'l 

1-88771 

1-88777 

1 -38774 



1 -38751 

1 -88759 

1-38751 

2-63331 

1 

1 38707 

l-.3871t 

1 -88711 

2 03165 

K, 

1 -38700 

1-38700 

1-38091 

2-63112 

X? 1 

1 38670 

1 :i8061 

t 88664 

2-62937 

Kj , 

- 

— 

1 88610 

2-62709 

Menni, excluding K 


2-63090 


The lust figure is retained mainly to givo an ido.i of the concordance 
between the several rosiUts for the same thermometer. Without 
realising this, one is not in a position to judge of the weight to Ix) 
attached to the apparent differences between the different ther¬ 
mometers. 

It will bo obsen’ed that Ki alone has altered its relative position 
since September, 1897. Again, it will be noticed that the order of 
Ba/Bo is the same as that of Bj/Bo. But for this fact wo should have 
found larger differences between the values of and 6 in the several 
thermometers. 

§ 48. The above table wfll, I think, bo considered pretty condtisive 
as to the reality of the differences between the different thermometers. 
I shall, however, also give the results of the second method of attacking 
the problem, as they possess an independent interest. 

If two platinum thermometers differ only in the absolute redstance 
of their spirals, the difference may be aseribed to a definite portion of 
the wire forming the spiral of higW resistance. Thus, in such a case, 
the differmee tetween the resistances should increase with the 
temperature in precisely the same way as the total resistanoe of 
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either thermometer. Couaequontly, if the platinum wire in the several 
thermometers were identical, the ^fferences between the resistances of 
any two of them at the steam point and at the sidphur point—or the 
differences between any one and the mean of ai»y two others—should 
bear to the difference of the rerastanccs in ice coiiataiit ratios. And 
according to Table XIX the values of these two constant ratios should 
ho approximately 1'387 : 1 and 2-631 : 1. 

Table XX shows what the ratios actually are in the cases examined. 
In treating Ka I utilised only those observations in which the differ¬ 
ence between the leads could 1« allowed for. The meanuig of the 
results will be rendered clear by an example. The mean of the differ¬ 
ences between corresponding observed values of Ki in Kj and K* 
during 1896 was 0‘66fi, while the me<in of the difforoncos lietwoen the 
observed values of Ilo was 0*405; the ratio of these two quantities is 
1*64, and it is given under the hcaibng Kj/Ko. This is here used as an 
abbreviation for 

(111 in Ka less Hi in K 4 )- 7 -(Bo in Ka loss Ro in K^). 


Table XX. 


Epoch. 

X,- 

K4. 

K,-|(K,+ 1v4) Kj-KK. + KO 

K,-UK, + K4) 

R,/K,. 

R./R.. 

R./Ro. 

H./H, ^ R./R,. 

R4/R, 

R./R^ 

R./R,. 

1806 

1-64 

8-78 

0 sg 

0-68 


1-61 

3-66 

1807 

1 6a 

8-64 

U-6H 

0 67 ' .. 


1-61 


1898 

1 70 

.8-97 

0 86 

2 67 , .. 




1899 

1-68 

8-79 

-0-20 

3-93 1-30 

2-24 

I1S8 

8-79 










Epoch. 

|K»-i(K, + K4) ;i(K.+ K4)-Kt 

Ka- 

■K,. 

Ka- 

-Kj. 

Bi/R,. 'ri/R,. 

R./B.- 

B./R«. 

R./Rc. 

Ri/Ro- 

B./R, 

1896 

1 

1 1-67 






1897 

1 63 , 1 68 

8-M 





1808 

1 64 1-69 

8-61 





1809 

1-67 1-67 

8-60 

l'-28 

l’-90 

l‘-88 

2-61 


In only one case, Ka - Kr, are the ratios even approximately equal to 
the mean values given by Table XIX, via., 1-39:1 and.2‘63; 1. Even 
in that case the differenoes are too big to ascribe to expetimeotal error, 
becaose the Bo of Ks exceeds that of Kr by fully 4*5 box umts. 
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In the case of Ka-K^, ind of ^K«-4(K<i + K<), the differences of 
resutauce at the ice point are only ibont 0 4 of a box unit, but tho 
ratios are based on i considerable iimnbor of humonioiis obscnations, 
and the sm illness in their fluctuatious fiom one y cai to mother appears 
incompatible mth any seiious error 

Tho only ciw in fible XK in which thcic is mimistikable change 
in the values li h, vnd 11,/Ii, with tho time la K, ’(Ki-l K 4 ) 
The change in this c iso is conspicuous, ind supports, of coiuac, om 
previous cunclusion th it K| has luideigone somo alter ition 

§ 49 If we omit crmbinationa containing Ki 01 K wo notice a 
curious rebombhnee liotweon the valucb of the 1 itios in tho diffcioiit 
cases, and this same similarity appe irs in othei combm itions of the five 
thermomctcis Kj K|, K , K , and K (when multiplied by 0 4) which I 
have tried e always get something pretty close to — 

Ice point diiTeience htcim punt diflcioncc sulphur point (hfFci 
dice 1 19 16 

The phonnmoni piesontod by these five thermometers are thus pretty 
much the simo as if their spnals coiiHistod in the main of giaeti eciual 
lengths of identic il phtinum with, in adiLtion vinable lengths of i 
matonil whose temperatuie cocillcient is highei thin that of plitimim 
In this imoginaiy in itend the losistnncos at the ice steam and sulphui 
points would he approximitoly as 1 16 16 Another wiy of stating 
the fact would be thit tho ehuiges ui the luistineo of the imiginarj 
material due to tempeiature aie about 156 times is greit as in 
platuium 

In adihtion we can closely reprodua the figures residting ftorn tho 
companson of Kj with tho other theimometcrb by supposing that K 
has a smallei quantity of this imaginary forugn miteiiil than the 
othcis, but a 1 iigei quantity of puio phtinum 

The figures to which my calcul itions lead for tho resistances at 0 °, 
due to tho foreign matend and the pure phtinum, are as follows, in 
terms of tho moan box unit — 

lUsiitenis BeiutuM 

Tliennosnetar foreign nmtonnl pUtinum wire 

Ko z r+6160 

Kt 2+0 63T T 

K 4 *+1391 a- 

Kj *+1783 z 

Ks *+2 223 z 

Taking, for instance, the cases Ka - Ks and K - Kr in 1899, we have, 

in meim box muts-^ 



Platinum ThemomUry at Kcvo Observatory. 53 



1 Obferred diffsiences. | 

Calculated diffcrciicei. 


Ice 

5L?n"! 

1 Sulphur 
point 

Ice 

Strain I 
point. 1 

Sulphur 

Itj- X... 
K,-Kj . 

2 027 
4-618 

3-604 

0-124 

1 5 501 

11-30B 1 

(2 -027) 
(4 518) 

R 386 
(6-124) 

6-647 

11-267 


Tho inimbera cnclowKl by brackets were uso«l in my original calcula¬ 
tion, BO then coincnlcnw) with the olworved vuliiea is without signifi¬ 
cance. The coincidcucea could have been improved by supposing that 
tho amounts of pure pliitimun in Kj, K,, Kj, and K 7 arc only neaily 
and not absolutely the same, and by slightly altering the values 16/10 
and 36/10 assumed for the ratios Iwmo by the resistances of tho foreign 
material at tho steam and sulphur points to the losistance at tho ice point. 

That tho aboNO coincidences are puioly accidental sooms improbable, 
but what the real nature of tho physical fact underlying tho figures is, I 
do not know. 

Acfumrif of the OhviiatioHK 

§ 60. It is difficult to say what is an oiputablo basis on which to dis¬ 
cuss tho (piestion Pi-osumably if tho i-oom contiumng all tho appa¬ 
ratus wore kept at a constant tompeiaturo, and a uniform source of 
current wore employed; and if arrangomonts woio maile for taking the 
bridge centre, for reversing the battoiy, and for mtorchanging the leads 
and proportional arms at every olisorvation, a variety of souroos of 
uncertamty affecting tho Kew results would bo much reduced. To 
provide, however, for all possible interchanges must add to tho cost of 
platinum theimometry, and tend to make olwurvations more tedious. 
I am thus disposed to think that, except in tho c.ise of the moat refined 
physical work, where apparatus is abundant and time and expense of 
relatively small account, tho conditions are unlikely to be more favour¬ 
able, and will in general be less favourable, than those prevaihng during 
the experiments at Kew Observatory. 

Under any circumstances a great deal may depend on whether it is, 
oris not, deemed essential to make a fixed point obseivation—either 
m ice or steam—immediately before or after each series of observa¬ 
tions. If a fixed point observation bo not taken, we may presumably 
expect uncertaintiee in the calculated temperatures of the same order 
as the fluctuations observed at Kew in Bo or Ri; while if a fixed 
point observation is taken, we may presumably expect, when mea¬ 
suring a steady temperature between 0 ’ and 100 * C., a similar degree 
of accuracy to that met with in the determinations of fundamental 
intervab in the present inquiry. 
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An idea of the degree of accuracy in the two cases is afforded by the 
two following tables. The first gives the obeerved values of Bo on the 
days of regular obsorvatiun since Calibration IV was made; the second 
gives the corresponebng values found for the fundamental intervals. 
In the first table I give separately the values found when an allowance 
for the obseived difference between the loads is omitted and applied. 


Table XXI.—Observed Values of K©. 


IHte. 

1890 

X. 

K. 

Leads not interchanged. 




K*. 

Ki 

K. 

K;^ 


257 + 

201 + 

1 257 + 

257 + 

258 + 

045 + 

250 + 

May 10 .... 

•761 

•26.1 

1 -874 

•496 

•205 

•200 

•716 

June 27, 20 . 

•OOJ 

•198 

•838 

•436 

•274 

•168 

•677 

July 10 .. 

706 


1 — 


280 



Sop u, ir>.. 

•072 

•18* 

I •814 

•419 

•276 

•132 

•074 

Sep 18,19,20 

■003 

108 

j -846 

■445 

•280 


•699 


Data, 



Lead* interclianged. 



1890 

Ki. 




K,. 


K,. 


267 + 

281 + 

267 + 

257 + 

258 + 

613 + 

266 + 

May 10 .... 

•768 

260 

•881 

•602 

302 

•267 

■722 

June 27,80.. 

•709 

•214 

•849 

•461 


•184 


July 10 ... 

•781 




•310 



Sep 14,16.. 

•601 

■SOS 

•832 

•486 

•205 

■116 

•696 

Sep 18,19,20 

•716 

•220 

8(> 

•400 

803 


•716 


Table XXII.—Observed Values of th Fundamental Interval (leads 
not interchanged). 


Date. 

K,. 


Kf. 

E4. 

X|. K,. 

K,. 

1800. 

May 10,11 
June 27, SO 
July 10.... 
Sept. 14,16 
Sept 20.... 

09 + 
•712 
•710 
•710 
■701 

00 + 
•868 
•860 

•849 

90 + 
■986 
■921 

•918 

99 + 
■662 
•660 

•666 

100 + 260 + 

•107 1 >208 

•194 1 -148 1 

•186 1 — 1 

•171 , -162 

■196 - 

00 + 
•262 
•268 

•264 


The data in Tables XXI and XXII are a very fair sample of the 
Kew leeulte. They we^ talcen during a lame when the difference 
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between the leatU (lid not vary much, so that the application of a cor¬ 
rection for this (lifTerence does not much improve the agreement between 
the results of different days. 

The value of Rq is conspicnonaly high on May 10 in all the thor- 
munieters. This was ileaily not the fault of the ice, because, as 
Table XXII shows, the fimdamental intervals found on hlay 10 wore 
not below the average, but in fact rather above. Again, the cause can 
hardly have been error ni the correction for temperature. For on 
May 10 the temperature iias only very slightly above 20' G , while on 
the next occasion, Juno 27 - when the vidues of B« were smaller—it 
was nearly 22“ C., and if we may tnist Dr. Barker’s experiments, 
the temperature coefficient apphed in the reductions is certainly not 
too low. 

Phenomena similar to those occuriing on May 10 were by no means 
luicoramoii. 

§ 51. Additional information os to the degree of accuracy attained 
in determining the fundamental interval is affotded by Table XXIII. 
This gives the mean difference, irreapective of sign, between the indi¬ 
vidual results and their anthmetio moan for two epochs, vis., the year 
1896, and the period from fjeptember, 1897, to January, 1899. In the 
former epoch there were six observations with each thermometer, in the 
latter epoch from twelve to fourteen. 


Table XXIII.—Moan Departures of Fuudamonttd Intervals from their 
Arithmetio Means. 


Epoch. 

K,. 1 K,. 

K,. ^ K.. 

0 4E,. 


1896 .. 

0-016 1 0-006 
0-018 0-006 

_1_ 

0-006 1 0 007 

0-010 j — 

0-008 

0-008 

0-015 

Soptember, 1897, to j 
Jraosrj, 1889 


During the former epoeh the original box with brass plug holes was 
in use, while during the latter epoch the plug holes were of fusible metal 
in Doulton ware. During the second epoch bridge centres were taken 
every day, and readings were always taken with the current both ways; 
in the first epoch neither of these precautions was taken. Yet we see 
that the mean departures ore almost all greater during the second epoch 
than during the first. This certainly does not point to aby superiority 
in fusible metal as compared to brass, but quite the reverse. 

The sice of the mean departures in Ki is partly due to change in the 
fundamental interval, especially during the second epoch. 

The fundamental interval in Ks, bi^g 2-5 times as large as in the 
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other thfiimometera, haa to be multiphed by 0 4 to lender it comparable 
as an intenal of temperature 

§ 52 Particulara of the degiee of accuracy attamable m determining 
fig may ako be of mteieat In this case, of course the imcertauity 
existing as to the true Uw of vaiiition of the boiling pomt of aulphui 
with picssuro shoidd be borne ui mind Taking all the observations 
made with K. K<), K 4 K and k excluihng one with K 4 and the first 
tfaiee with k is piolubly f luity uid employing the C illend ir Gufhtlis 
foimula(lO) I hull foi the a\et ige departme of indiiidual v dues of 
from then uithmotie moan the follow uig i emits — 


Table XXIV — Aierage Departure of Vdues of it, fiom then 
Anthmotic Moan 


k 

1^1 

i-i 

K 


Kumbor of 1' nation' 

0 

24 

21 

10 

\t 

Avorago 1 partur 

:b0 04 

±0 0) 

±0 07 

±0 08 

±0 07 


The sidistitution of formul 1 (17) f( 1 tho C dhndar (Tiiffiths foimula 
reduces the average departures in tho c iso of k^ k( and k to ± 0 07 
±0 0j and ±0 05 lespectivoly but lucrtases tho moan depirtiucs in 
Kiand k 

koughly spoakuig, the ivei igo depirture fiom tho mein in tho case 
of ft, IS nearly ten times as large is in tho c iso of tho fun(Umontal 
interval 1 his, however m ly p-utly anse fiom the fact that sidphm 
pomt obsci vitions weio frequently t ikon on tho diy subsequent to tint 
on which was dotorminod tho value of Ko used in calcidatingp/t 

ImpoiemtUi mgge tel m Apparatm, 

§ S3 Tho exjjcruuonts have su^sted vaiious dtsidei ita, which it 
may be well to summ inao 

1 It 18 desirablo that some simple and more perfect method shoidd 

be devised for elimmatmg the effects of changes in the relative 
resistance of the leads and the proportional aims 

2 Tho temperature of tho resistance cods and bridge wiio should be 

exposed to much less uncertainty than m the Kew box or else 
these reeistanoes should be made of some material with a much 
smaller temperature coefficient than platmum sdver 

3 The bridge wire scale is too much contracted for very exact work 

with thermometeis of such low resistance as the ordmary Kew 
ones , It is desirable, if accuracy to 0° 001 C is aimed at, that 
1 cm of bndge wire should not answer to more than 0* 1 C 
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4 If potmble, the causou of wondonngs ui the budge centre and of 
themio electiic currents—not clinunatod by the Oiiflitha key— 
should bo lemoned 

6 Unless the plug resist inee uncertainties can bo reduced it would 
seem dcsiiablo to mere iso the lesistanco insido platimun 
thermometers intoiiderl for \eiy exact measurement of lorj 
slowl} altering tomporatmos such as occur in hxid point 
obscri ntions 

6 Unless the he iting cfTpct of the current can bo ex ictly isccit lined 

and allowed for the sensitiveness of the galvanometer should 
bo 1 11 gel} mere ised so is to render unnecessary currents uhosc 
healing offoeU n ill sensibly mflneneo the re uhngs 

7 It IS eert unly deurablu th it the entire room contaimng the appa 

ratuB should bo kept ippioximatclyatthetemporaturo icicpted 
as the standanl temper iture f n the coils At tho samo tune 
It Is not dcsu-able that the ohseivot should bo c iitinually 
exposed to so high a tempeiatiux. is 20 C A tcmperatiue 
such 18 62 F IS vet} much healthioi at Icist in wintei ind is 
moie biacmg Ihere is no obvixis leasin why tlieio imght 
not be one stindud temper iture t t wintei iiid unothei foi 
summer so long as tho temperature rolatioiiH of the lesistaneo 
coils aio wcuratel} known 


I arth<t ?rpnmftf It mf I 

§ 64 I should like to soo experiments m idi on the follow mg jiomtB — 

1 Tho true 1 iw of the vaiiation of tho boiling point of sulphur with 

pressure 

2 The liehaiioui of new platinum theimometiis luuler a \anoty of 

conditions 

3 Tho effect cf long oi frequent exposures to temper itures oxtondmg 

from thit of bulphur vapoiu to the highest tempeiatiuo foi 
which it IS claimed that platinum thcimomotora are siutable 

4 The effect of exposiu^ to lowtempeiatiues such as are now attain 

able by means of liquid air, 

6 Tho degioe of aeeoi dance in the lesults deduced by Callendai s 
formula from obsemations taken with different platmum 
thermometers—varying in their 3—at two or three fixed 
tempeiatures differing considerably from that of sulphur 
vapour, those temperatures lieing obtainable mth a degree 
of accuracy not infenor to that attained in sulphur pouit 
observations, 

6 The cause of the onnous phenomenon described in §g 48 and 49 
S66 The great majority of the observations on which this paper 
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depends have been made by Mi W Hugo, senior assistant at Kew 
O^rvatory, to whose care and exactitude the research owes a very 
great deal The reduction of the observations is also mainly due to 
Mr Hugo In several of the special exponments Dr J A Harker 
has given valuable assistance, and vaiious oporvtions have boon much 
facihtated by means of apparatus devised by him The mam aork 
of checking the mlnctions and the vanuns calculatiuns requisite 
m discussing the observations have lieen done by myself I have 
also taken i considei iblo nnmlier of observations, and in discussmg 
the various soiuces of trouble I speak fiom peisoiul oxpononco, supple 
mentod of couise by ficquent oxchuigo of ideas vnth Di Harkei and 
Ml Hugo At vaiious stiges of the investigation I hive had v Unable 
adviLO and issistince from Profossoi Carey Foster and Mi W N Shaw, 
to whom the iniliition of the roseuch is latgoly due 

The oiiginal cost of the appaiatus was partly defrayeil by a giant of 
jEIOO fiom the Government Grant Fluid, and a contiibutioii of A120 
u IS received last year fiom the Gunning Fund tonauls this ind other 
cognate work undei taken by the Kew Obsorvatoiy Comnuttee 


A Comparative Ciystallugiaphical btudy of the Double Seloimtes 
of the Senes R 5 M(Se 04 )j bH,0—baits in which M is Zme 
By A E TtrrroN, Bbc.hltb Kotuvod Maich 6,—Read 
Maich 15,1900 

(Extended Abstract) 

In two commumoations to the Chemical Society,* the author 
presented the rosiUts of a detuled study of twenty two salts of 
tho senes of monocbiuo double sulphates BjM(S 04 ) ,6HjO, in which 
B was lepiesented by potassium, rubidium, and otosium, and M by 
magnesium, zinc, iron, manganese, nickel, oobilt, copper, and cadmium 
The first of these memoirs dealt aith the external morphology of the 
crystals, and the second with then mtomal physical properties 

The piesent investigation refers to the loss known analogous double 
selenates, in which B is again represented by the alkali metals potassium 
(atomic weight 39), rubidium (atomic weight 86 2), and csesium (atomic 
weight 132 7) Tho work on the group containing zinc has been com¬ 
pleted, and the results are now commumcated lopsoe and (Ihrutian 
sent included in thoir well known investigation tho potassium salt of 
the gronp 

• ‘ Joum rbem Soo Tnuu,’ 1808, toI 68, p 387, and 1896, toI 69, p 844. 
t 'Ann dsOhim atdePhy*, 1874,p.4 
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The rubidium and cesium salts have never been investigated, and 
the author has boon unable to find any evidence of their preparation 

The section plates and pi isms employed m the optical work were 
prepared by moans of the authors cutting and giinding goniometer, in 
the manner already described in picviuns memoirs The new special 
adjusting apparatus dosenbed to the Koyal Society in the memoir in the 
Phil Irans, A, for 1899, p 461 has proved of the greatest service in 
the preparation of the pnsms All the piibms were obtunod with its 
aid by one adjustment mate id of two (one for each of the two required 
surfaces) A vety useful addition to it has been made in the shape of 
i pair of special giip holders besides those leferrod to on pigo 460 of 
the memoir just quoted One of these new holders is leprosonted in 
hg 1 Ihe upper portion the stem by which it is attached to the 
lower end of the cijstal uljufating ippintus 
cvmos two verticil grooios insteul of only one 
so that the plane within the crystal winch is 
desired to bisect the angle (60 ) of the pi ism 
can always lie prcliminanly toughl^ uiinged 
it right angles to the 120 idjusting segment, 
whatovei bo the situation of the most come 
mont diiectiou of gripping Ihe stem passes 
down into a thicker solid cybndneal portion 
siurouudod by a closely fitting hollow cylinder 
cipable of movement for somewhat over 90 
and fixation at any position by meins of slits 
at difieient levels ind two clamping sciews jiassing through them into 
the solid cylinder This enables the iiocos<>iry final azimuth adjust¬ 
ment of the crystal to be effected, so thit the paiticular bisoctang 
plane referred to can bo set exactly to the 1 equu'ed oriontation with 
the aid of tho gomometei and its gridinted ulj listing movements 
Ihe gnppei is attached ngidly to the underside of the movable 
cylinder Its two prongs are arranged to bo drawn together by means 
of a screw manipulated wnth a milled hooded key, and the gnpping 
lower pait IS thickened and padded with ch imou leather The use of 
one of these holders which only difiei m tho size of the gnpper so as 
to accommodate different sized crystals, avoids the use of warm wax, 
which may cause effiorence, or cracking, of the crystal 

Every prum employed was propar^ by the aid of thu instiument 
so that the two surfaces weie synimotneal to one of the three principal 
planes of the optical eUipsoid (mdicatnx), and its edge parallel to 
one of the two rectangular axes of tho mdicatnx lymg m thu plane 
It therefore yielded two of the three lefractive mdices duroctly, namely, 
those corresponding to vibrations parallel the two reotangnlsr axes 
of the optical uidioatnx lying in Uie bisecting plane 

The salts were prepaid in the followmg manner —A quantity of 


]<ia 1 
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the alkaline eelenato crystals, prepared as described ui the author’s 
memoir on the normal alkaline sdonates,* adequate to yield aftei 
addition to the c dcul iterl amount of the M selenate suffioient of the 
iloiible s lit for all the purposes of the investigation was dissoli ed in 
the minimum of distilled water An equal molecular proportion of 
pure sine sulphate ciystals wis Uso weighed out dissolved in tlis 
tilled water, and precipitated by i solution of sodium csilionate The 
precipitate of basic /me caibouite was isolated by decant ition and 
prolongcii washing i^ith hot water and subscpiently dissolved m a 
solution of pure soltnic icid, whose strength hul pievioiisly been 
accurately detormmwl by titration with t solution of pure uihydious 
soibum cirlionate A known strength Siiffiriont of the aeid was run 
in upon the sino cirlionate to provide for one drop of excess, is this 
pi events the possibility of i b^e silt forming iftei addition of the 
selenite (f the B-mctal The solutions of the two solonates were 
miaul and illnwed to ciystilhso spoutiiioously taking all the pie 
eiutions to ivrid distin banco eiiiimoi itcd in the previous memoirs 
ihe sphciical projection given on p 34 i of the double sulphate 
memoii applies equally to the double selonates 

Po PASSU M 7i\t SiirNVT) K Zn(Se 04 ) 6H 0 
A det( rmmition of the mic ni i qiuintity of the ciystals employed 
give the following losult —0 9153 grimmc yicldui 0 n96 gramme 
ZnO, crncspc nding to 12 24 pei cent of /me Calculited per cent 
An U 11 

Ootv itfhv 

Ten excellent crystals were cmpl »jed derived fiom several different 
crops 

H ibit Short pnsm itic to tsbul u 
Axial angle- /5 — 75 48 

Batao of ixes— 

a b =.0 7458 1 0 5073 

lorms olisorved— 

o - {lOOjooPoo I =. {OlOjooPoo, <• = {OOljcP, p - {110}ooP, 
p - {120)oop2, /- {011}4»u>,f - {Ill}+P,r = {201} + 2Poo 
The results of the angular measurements are given m the accom 
panj^ng table 

The habits observed resembled thoee exhibited in the following 
figures given in the double sulphate memoir —Fig 7 without b faces, 
fig 8 without the smaller facw, fig 20, fig 21, fig 24, and fig 26 
• Joura Chom Soo 1897, p 840 
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The a and b faces were usually both well defined , the hemi pjnramid 
0 was occasionally well developed, but more usually small, while small 
p faces were only observed on two crystals Ihe general type exhi 
bitedp,r» and; as the mam faces <■ alwiys large, and t occasionally 
largo but generally rather smallei thin the q faces 

Topsoe and Chnatianaen {lor ctf, p 77) give for the ratio of the 
axes and the axial angle, a h c 0 7441 1 0 5076, and ^ - 

76 46 The meisuromonts were majle by Topsoe m the year 1870 
There is an excellent cleavtgo parallel to the faces of * {201}, is 
St ited by Topsoe and Christiansen 


/ lunu 

Jlrlatwf Density —The following four mdopendont deteiminitions 
were made — 


Weight of salt 8p gr at 

omployid 8074° 

B 6368 2 B535 

61068 2 6644 

6 1697 2 66J4 

6 0667 2 6546 

Mean 2 55S7 

Mokrvht raunif—^^ « - 21011 

d 2 6637 ^ 

Dutance i?dK)s—Combination of the axial ratios and axiil angle 
previously given, with the molecidai volume, affords the following 
distance ratios — 

X 01 = 61941 83054 42133 
Opitff 

Oneniatwn of Am of Ophral blhptoid —Phe plane of the optie axes 
(optic binormals) is the plane of symmotiy The sign of the double 
refraction is positive 

Two section plates ground parallel to the symmetry plane afforded 
the followmg extinction angles, relatiie to the normal to the basil 
plane — 

Section 1 6° 30 

„ 2 4 36 

Mean 6’ 3 

3be direction is behind the normal, nearer to the vertical azu 

This axis of the optical ellipsoid (mdioa^) is the second median 
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line. The first median lino is consequently sitiuted in the obtuse 
angle of the morphological axes ac, and is inclined 6* 3' to the axis </» 
The second medi^ line lies also in the obtose angle or, and is inclined 
9' 9' to the vertical axis r. 

Befractivf Indiree .—The residts of the dutorminationB with six prisms, 
ground on six different crystals, are given in the accompanying table. 
1110 values obtained by Topsue and Christiansen are appended in the 
last column. The /3 values, which were alone determined directly by 
them, are observed to agree well with the authors’ values. 

The intermediate refractive index of potassium zinc selenate, cor¬ 
rected to a vacuum, is accurately expressed as far as the neighbourhood 
of F, for any wave-length X, by the following formula:— 

a _ 1 .R/M o ^ 69-^ 100 00.’) 700 000 000 ^ 

p ” louiu-i- 

As the dispersion increases with the uumutic<d value of the index, 
the a and y indices are not precisely ropriHlucod by diminishing and 
increasing the constant 1 6010 by fixed amoimts ; but they are on the 
average loss and greater respectively than the (3 values by O’OOfiO and 
0'0164. 

Altrmium of Jtefmlwn hf Itiv of Tmpfiatuif ,—Determinations 
carried out at 60’ indicated that the indices are diminished by about 
0‘0020 for 4.6’ rise of tompcrature. 

A/e» of the Ophral Jilhpsovl —The calculateil values of the axial 
ratips of the two optical ellipsoids are os follows.— 

Axes of optical indicatrix . 

a:/3:y - 0-9960:1 .10101. 

Axes of optical velocity ellipsoid ■ 

a : b : t “ 1-0040 : 1.0-9900. 



Eefncti^o Indites of PotMMum Zinc Sekinte 
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Molecular Optical Cotutants .—Following are the values of these con¬ 
stants:— 


u ot optical uidicatrix. 


Specofio Tefraotion, ~ ».{o 

Moleonlsr refraction, ^ S. 

a’ + a d LU- 

Specific dupeninn, Hq— n, . 

Molecnlar diapenipn, nvi-ma . 

Holccolar refraction, M.C 


o-im 

0 1199 
6a-76 
04-88 
0-0089 
1-57 


0 -1181 
0-1 ail 
63 87 


0-1810 
0 1248 
64 93 
66-66 


Opitc Anal Angle .—Three excellent pairs of section-plates were 
ground, perpendici^r to the first and second median lines respectively. 

Determination of Apparent Angle in Air of Potassium Zinc Selenato. 


Light. 

Section 1. 

Section 2. 

Section 8. 

Mean 

8K. 

1 

ifs 

12 

ifl 


Ill 

50 

111 

5!4 

0 

118 

14 

111 

40 j 

112 

0 

111 

58 

Na 

112 

24 

112 

8 

112 

10 

112 

17 

T1 

112 

40 

112 

36 

118 

41 

112 

39 

P 

112 

G8 

113 

1 

113 

10 

118 

8 


Topsoe and Christiansen give for the luigle in am 111° 50', and for 
the true angle 00° 8', both liomg measured m sodium light. 

The dispersion is observed to bo extremely small, and the most 
accurate measurement is required to determine it, employing sections 
which afford very small rings and shaqi brushes. A valuable confirma¬ 
tion of the nature of the dispersion is afforded by immersion in cedar 
oil, whose refraction is almost exactly the same as that of the crystals. 
A section perpendicular to the first median line shows, in cedar oil, 
brushes separated at their true angle and frinjod with colour accord¬ 
ing to the following scheme:— 

red I blue 1st M.L. no colour j no colour. 

The obtuse morphologioal axial angle ae is assumed to be to the left. 
The optic axial angle is therefore greater for blue than for red, and 
nuMurements in Li and F light gave an angle larger in the latter case 
by about S', tiiua confirming the accuracy of the values given in the 
table. 


VDIh XJtvu. 
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Determination of Tme Optic Axial Angle of Potassium Zinc Selenate. 



No. of 



No of 








section 


section 


Calculated 

Mean 

Lif;ht. 

periiendi- 
rulflr Ist 
median 

of 3Ha. 

ciilar 2nd 
median 

values 
of iilo. 

values of 
2Vo 

lalue of 

2 Vo. 


line 



line. 







r 

1 

60 

7 

la 

100 

12 

06 

16 

1 

' 

Li i 

3 

6U 

64 

2a 

100 

8 

66 

8 

vee 

12 

1 

3 

60 

3 

8a 

lOO 

14 

66 

13 

J 



1 

60 

6 

la 

100 

8 

66 

16 

1 


c J 

3 


63 

2a j 

lOO 

4 

ee 

8 

les 

18 

1 

a 

00 

0 

3a 

100 

6 

66 

14 

1 


r 

1 

50 

64 

la 

09 

42 

66 

18 

1 


Na 

2 

39 

43 

2a j 

00 

SO 

66 

10 

loo 

16 

1 

a 

59 

40 

3a 1 

00 

80 

06 

16 

J 


f 

1 

50 

ao 

lo 

99 

5 

66 

20 

1 


T1 \ 

3 

59 

31 

2a 

00 

8 

66 

14 

loo 

17 

1 

a 

59 

36 

3a 

90 

5 

06 

18 

J 


f 

l 

60 

J7 

la 

04 

17 

1 66 

22 

1 


F 

2 

59 

11 

2a 

OS 

16 

66 

18 

166 

20 

1 

3 

60 

10 

8a 

OS 

25 

66 

2t> 

I 



Vi^jiemon of the AMuto cedar oil no appreciable move¬ 

ment of the right hnuh, that corresponding to the optic axis situated 
in the acute morphological angle »f, was detected on altering the 
wave-length of the light, the total movement occurring at the left 
brush. Hence the first median lino lies nearer to the morphologic^ 
axis a for red than for blue The amount does not exceed 6'. 

Fjfert of Bw of TrmpmtUne on (hr OjAtr AjwI Arujle .—Measurements 
at 65’ indicated that 2E increases 2J’ for 50’ rise of tomperaUutJ. 

Rubidium Zinc Sklbnate, RbjZn(Se04)a6H20. 

An estimation of zinc in a specimen of the crystals employed 
afforded the following guarantee of purity: 1*1130grammes yielded 
0*1426 gramme ZnO, which corresponds to 10*28 per cent, of zinc. Cal¬ 
culated Zn •> 10*33. 


Ooniomeiry. 

Ten suitable small crystals were employed, belonging to four diffisr- 
ent crops. 

Habit: thick tabular, sometimes prismatic. 
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Morphological Anglos of llubulium Zinc Selenato 



ttssfe 
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Axml angle /} - 74 44 

Ratio of axes n J / » 0 7431 1 0 5019 

Fonng observed tt ■= {lOO^ooPoo, b - {010}c»l?oo, r {001 jfP, 

;)-{110}oaP, y- (Oil [poo, 0-{lll{ + P, 
» - {201} + iPoo, « - {121}+2P2 

The results of the meisuroments ire tibuluted in the iccomp inking 
table 

The t}pes observid resembled those of rubidium sine sulphate, 
especially that shown in fig 7 (p 359) of the double sulph ite momou, 
but without the / f ices *18 a rule Only i tiuce of the orthopinleoid e 
was diseovered the clinopinacoid b was uivanably small when present 
and the hemi pyramid it was only present on one of the crystals 
measuied The faces were fairly well developed, and afforded good 
images of the signal Fiequently the only faces present were r,p,i, 
ind / 'Ihe r fices vtiiul in relative importanre from the br^th 
usuill> exhibited in the potassium salts to the narrow stiip chaiac 
teiistie of the csBsium salt 

rheie IS an excellent cleavage parallel to the faces of the orthodome 

1 ( 201 } 

J hmr 

hfl thi DfwtUj —The following foui determin itions were made with 
independent qu uititios of the finely powdered erj stals — 


We ght of 
•alt empluyod 

8p gi 

It JOP/4’ 

7 8234 

2 8396 

6 0506 

2 8611 

7 8824 

2 8601 

G7490 

2 8608 

Mean 

2 8604 


il/7 ulu re/uri/— 


629 0 
2 8004 


219 90 


Dutame R Hio —On combining the axial ingle and the ratio of the 
axes already given, with the molecular volume, the following ratios 
ire obtained — 


X ^ a>-6d062 8 4863 4 2693 


Optifs 

Ontnfalwn of SAxet of Opliral EHtptoul —The optie axee (optic bi 
normals) he in thaplane of symmetry The sign of the double refrae 
tion IS pootive V 

llie followmg exaction angles were exhibited 1^ two sectiomplates 
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ground parallel to the symmetry plane, with reference to the normal 
to the basal plane:— 

Section 1. 2" 0' 

Section 2. 2 7 

Mo«ui ... 2 .3 

The direction is liohind the noimal, towards the vertical morpho¬ 
logical axis This axis of the optical indicatnx is again the second 
median lino. 

The first median hue thiw lies m the obtuse morphological axial 
angle or, and is inclined 2“ 3' to the axis a. The second miKliau lino 
lies also iii the obtuse angle <ir, and is uiclincd 13° 13' to the vertical 
axis e. 

liffiactur InHvet .—Six prisms, ground on six different crystals 
belonging to various crops, wore employed in the determinations. The 
results are given in the accompanying table:— 


llefractive Tndicos of Bubidinm Zinc Selonate. 



The intermediate refractive index of rubidiiun zino selenate, co^ 
rected to a vacuum, is expressed as far as F, for any wave-length X, 
by the formula:— 

/8 - I 314 _ 1 397 600 000 0 00 

The a iadioea are very closely reproduced by tdie formula if the con- 
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atant 1'6067 is diminiahod by 0-0060; owing to appr^iably increased 
dispersion in the y direction, the y indices are not so aeouiately repro¬ 
duced, but are approximately given if the constant is increased by 
0-0109. 

AUeration of Itefiariwn hj Itxse of Tempeintme .—Determinations at 
60' showed that the iiubtos .-ire reduced by 0-0018 by 45“ rise of tem¬ 
perature (15—60°). 

Are* of the OjAtcal Elltp^ntl .—Following are the values of the axial 
ratios of the two optical ellipsoids— 

Axes of optical indicatiix : 

a . /? ; y - 0-9961 :1 : 1 0072. 

Axes of optical velocity ellipsoid: 

R : h : t - 1-0039 : 1 : 0 9929. 

Molmihn Optical Uoii‘4anh .—The caleidatod valucb of those constanta 
are as follows — 


A xia of optical uidicainx. I I 1'' 


Speciflo rrtraotion, - «.{S 

MolocuUr refraction, ^ 

SpecUlc diipenion, no—"o. 

Mulct nlar (li«pcreiuD, ma — me .... 

Molecviliir refraction, .0 


0-1061 
0 1078 
66 13 
07 80 
0 0027 
1 67 


0 106S 
0-1080 
66-77 
68-17 
0 0027 
1 70 


0-1080 
0-U08 
67 82 
68-70 
0-0028 
1-78 
116-68 


Opiu AjmI Angle .—The following measurements were obtained with 
the aid of three pairs of section-plates, ground perpendicular to the 
first and second median lines, acconlutg to the iudicaUuiis of their 
orientation afibidod by the extinction angles.— 


Ap^iarent Angle in Air of Bubidium Zinc Seloiiate. 


Light 

Section 1. 

Section a. 

Section 8. 

Mean SB. 

U 

186 

8 

189 

0 

188 

22 

187 88 

0 

186 

7 

189 

6 

186 

28 

187 84 

17a 

186 

88 

189 

88 

180 

6 

188 0 

T1 

136 

48 

189 

66 

189 

40 

188 26 

F 

186 

16 

140 

86 

140 

10 

189 0 
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Determination of True Optic Axial Angle of Bubidium Zinc Selenate. 


Light. 

No of 

perpondi. 
ouUr 1st 
mrdi.in 
line 

Obserred 

valuer 

Ot 

aua. 

No of 
Motion 
perpendi¬ 
cular 2nd 

Obeorred 

' ©r* 

SHo. 

Cali-ttlsted 

of 

2Va 

Mean 

of 

2V« 

r 

1 

67 50 

la 

93 80 

74 67 


Li \ 


68 21 

2a 

03 40 

75 13 

y76 16 

1 

8 

69 0 

3a 

93 44 

75 38 

J 

r 

1 

67 66 

la 

98 85 

74 66 



8 

68 17 

2a 

08 38 

76 10 

1-7& 14 

1 

3 

GS 5G 

8a 

98 40 

76 87 

i 

r 

' 1 

67 31 

la 

93 10 

74 60 

1 

Ns \ 

1 ^ 

67 62 

2a 

93 16 

76 2 

175 8 

L 

8 

68 86 

8a 

03 20 

75 82 

J 

f 

1 1 

67 8 

la 

02 46 

74 46 

1 

T1 \ 

a 

07 20 

2a 

02 64 

1 74 66 

^76 2 

1 

1 « 

68 12 

8a 

02 66 

76 26 

J 

f 

■' 1 

66 37 

la 

92 10 

74 88 

1 

F \ 

i a 

67 1 

2a 

92 26 

74 48 

U4 66 

1 

i * 

67 46 

3a 

92 32 

76 18 

J 


The dispersion is thus seen to be small, but it is distmctly greater 
than in the case of the potasshmi salt. In cedar oil, whose refraction 
is almost exactly the same iu that of this salt, a section perpendioular 
to the first median line exhibits the brushes fringed with colour as 
follows •— 

blue 1 red Ist M.L. red ] blue 

The optic axial angle is therefore greater for red than for blue, thus 
confirming the results of the measurements. 

Diaptmm of ffte Medwi Lines .—In the foregoing representation of 
the coloured brush-fringes as seen in cedar oil, the obtuse angle of the 
morphological axes ac is situated to the left. The hyperbolic brush on 
this side was more faintly tinted at the edges than the right-hand 
brush, indicating feebler dispersion of the optic axis to the left. 
Measurements in cedar oil confirmed this, and showed that the differ¬ 
ence between the position of this optic axis for C-light and for F-light 
was 8—lO*, whilst for the right-hand axis it was 20'. Hence the 
median lines are dispersed so Uiat the first median line lies nearer to 
the morphological axis a by 4—5' for red light than it does for blue. 

JSj^ of^ Bm of Temperaitm on Hu OyUe Axial Angle .—Very little 
change is introduced in the optic axial angle of this salt by variatitm 
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of temperature Measurement* m succession at 10 B“ and 60 B‘ mdi* 
eated that 2E moreascs 30 for 60* of nse of temper ituie 

CiBsiVM ZiNt Skifnah-, Cs/n(lseOi)A6HiO 
The analysis of i specimen of the ci}i>tah of this silt ifforded the 
following numbers 0 7027 £,rammo g wc 0 0790 gramme of ZnO, which 
oorresponds to 0 02 ptr cent of /me The iiluilatod percentage is 
8 98 

OrMonuiiy 

Bleven of the most suitable small crystals, dinveil fiom five dif 
ferent crops wore employed m the gomometiicil measurements 
Hibit fl ittoned piismatic 
Axial angle /J - 73 49 
Eatioofaxos « 1 c- 0 7314 1 0 4971 
Forma observed I - {010}oe>?oo i {001} T } - {110}ooP, 
7-{011}poo II {021}21?<» e {Ill} + P, 
r - {201} + 2Poo 

The results of the muasuiements ire presented in the accompanying 
table of angles 

The habits of the crystals of the vanous crops aie typified by the 
following figures of the double sulphate memoir (/> if) figs 9 ind 
10 in the dcsciiption of casium /me sulphate fig 1C in the dosciip 
tion of ppsiiim ferrous sulphate fig 21, but with much larger j faces, 
uid fig 34 111 the desciiption of cxsium cadmium siilph ite as fai <i8 
logards the lolation of the c, t and ^fuis ihe> iie characterised 
by large j faces relatiioly to the faces of the bisal pi me which latter 
is iiaiull} only represented by a mere stup The fitos of the hemi 
pyramid o are often considerably developed 
The clmopuiacoid b is frequently present, but the orthnpinacoid a 
was never o^ived The clmodome m was found developed on one of 
the crystals measuiod 

The cleavige pirdlol to r{201}, common to the senes, was well 
developed 
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Morphological Angles of Cffsium Zinc Selenate. 
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Vlum 


I Ininf Dtnitf /—Four dotorininations with independent material 
afforded the following results — 


Sp gr 
»t2(f 4* 

31148 
3 1176 
31126 
311C1 

Mem 31153 

Molfnil ir VI H ® - 232 40 

T 31153 

Ditoit 1 fi —Combination of this molecular vdnmt with the 
axi tl angle ui 1 lual ratios alieiuly given, affords the following dis 
t mce I itios — 


We«ltof 
lolt e ni \oy I 

0 2968 
5 5387 

5 1520 

6 5317 


X <s- 6 3860 8 7311 4 1402 


Ojlwt 

(hujUitton f At ^ of Ojtml bUy’totd —fhe plane of the opUc axes 
(hi noimds) is igain the pi me of symmetry Ihe sign of the double 
reiiactnn is also still positive as fur the potassuun and lubidium salts 

St uiroscopic ol sei V itions o imod out with two section plates ground 
pirallel ti the symmotiy plane gave the f( llowmg extmction angles 
with icferouce to the n iimal ti the 1 asal plane — 
bection 1 6 7 

bection 2 6 26 

Mom 6 46 

The diicction is m front of the norm d nearer to the mclmed morpho- 
l(^cd lYis ( Ihis axis of the optical m bcitrix is the second median 
hue Ihe first median line is accordingly situated m the acute angle 
of the morphologic d axes ir and is inclined 6 46 to the axis a Ihe 
second median Ime lies in the obtuse mgle ar, and is inohned 21* 67 
to the vertical axis r 

lifrathi Indtefi -fhe results of the lefractivo mdex determina 
tious with Bi\ piisms, ground on crystals from diflerent dope, are 
presented m the accomp mjnng table 

Ihe mtermediatc refiactive index of csesium uno selenate, corrected 
to a vacuum, u expressed to near F, for any wave length X, by the 
following formula — 


704 232 2 677 600 000 900 
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The a indiceB are reproduced with precisely equal accuracy if the 
constant 1’6187 is dimiiuBhed by 0-0036; owing to slightly increased 
dispersion exhibited by the y imlicos, these values are reproduced with 
slightly less acciu-acy when the constant is increased by the average 
amount of 0-0050. 

Altnatton of hffnutwn htf liisr of Ten^iuUtrf .—Measurements of 
the prism angle and muiimum deviation at 60°, indicated that the 
refractn o indices are reduced by 0 0015 for 45° rise of tem^ierature 
(15° to 00°). 

Aj'ts oj the Optiriil EUqisiml .—These \ allies aie ns follows: - 

Axes of optical indicatrix: a: /3: y = 0-9977 : 1:1-0033. 

Axes of optical velocity ellipsoid - n . fr : t ■" 1 0024 : 1 . 0‘9968. 



Molfcvifii Optical Contlanls .—^These are as under:— 


Axis of optiual indUntnz. 

SpodfloTefmctian, an. 

HoImuIm refzsotion, w 

Speoifle dispersion, na-no . 

Mideeulw dispersion, nio-m ... . 

Itoisonlnr refraction, .C 


« 


o-oeei 
0-1016 
71 -78 
78-68 
0-0086 
1-86 


0-0990 
0-1022 
72-14 
78 98 


0-0026 

1-84 


0-1004 

0-1080 


0-0026 

1-89 


126-08 
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Ofiv A Hal Atu/le .—^The optio axial angle in air 2E is so large as to 
be only measurable with some difficulty, even in the caaes of the largest 
ami most perfectly transparent sections. Owing to the relatively small 
double refraction of all the salts of this series, sections require to have 
a thickness of at least a millimetre in order to afford small rings and 
sharp brushes. Hence, if the section is not of considerable, and not 
always attainable, relative breadth the brushes Itecome olwctirod. Two 
of the sections pro])arerl enabled trustworthy measurements to bo 
obtauied, but the others, although excellent for '2Hit, did not exhibit 
adequately clear brushes iti air. * 

Apparent Angle lu Air of Caesium Zinc Sclonate. 


Liglit 

tieoliun 1 

Section 2 

Menu 2K. 

Li 

162 60 

16.') 20 

164 

5 

C 

163 12 

166 33 

164 

22 

Na 

165 43 

166 30 

166 

6 

T1 

168 21 

167 23 

167 

52 


No measurements were obtainable beyond the green, the angle 
bovomiug too large. 

From the results given in the accompanying table for the true angle, 
it will be observed that the dispersion of the optic axes is considerably 
greater than in the cases of the potassium and rubidium salts. To 
confirm its naturo, and determine the dispersion of the median lines, 
a liquid was sought fur whoso refraction was the same as that of the 
crystals, and which was without action on them. Pure methyl 
salicylate fulfils these conditions, and the iiiterfcreiice figures afford^ 
by soctious perpendicular to the first median lino wore olworved, while 
immersed iii a cell of this liquid. Measurements in C and P light 
afforded angles almost identical with those calculated from 2Hu and 
21Io as measured iii monohromonaphthalene, and showing the same 
amount and onlor of dispersion. 

Four pairs of section plates were employed in the determinations of 
the true angle. 
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Determination of True Optic Axial Angle of Cossium Zinc Solenate 



Di pel 'iwi <f the Midi m Iaw% —When the true angle w observed m 
methyl salicylate in white light, the blushes are seen to bo highly 
coloured in accordance with the followuig scheme — 

blue I red let ML led | blue 

The angle is thus indubitably the largei foi red If the section is 
ai ranged so that the obtuse angle of the morphological axes or is 
situated to the loft, the optic axis to the right is found to be less dis 
persed between C and T1 light by about 10 than the left-hand axis. 
Hence the median lines are dispersed by about 6 between the same 
wat e-lengths, and so that the first median hue hes nearer to the moi 
phologioal axis a for red than for green 
Effect of Jtitr of Tmperatme on tfu Optu Axial Angle—"Repented 
measurements of 2E with the best of the sections at 60*, indicated that 
the angle in air decreases about 3’ for 60* nse of temperature 
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ComjMttibOu of the Three Salts. 

A concise statement of the conclusions to he drawn from a comparison 
of the results for the throe salts will bo foimd in the Abstract published 
in tho ‘Proceedings of the Boyal Society,’ vol. 60, p. 248. The 
folloAring comparative tables and chagrams will enable these coriolusions 
to be clearly appreciated. 


Comparison of the Morphological Anglos of the Three Zinc Salts. 



Aiislo 

j Fotawium 
■alt 

Diff. 

Rubidium 

Milt 

- 

Diff. 

CVmuih 

uUt 

'a/- 

- 100 

IS)1 - B 

75 

48 

-61 

74 

41 

-56 

73 

49 


- 100 

101 

16 

19 

-32 

46 

47 

-41 

45 



- 101 

001 

29 

29 


28 

67 


21 

46 

cr‘ 

» (M)l 

201 

03 

12(16) 

430 

63 

42(63) 

+ 64 

111 

38 

o' 

- 001 

TOl 

.18 

22 


88 

21 


.18 

02 

»'r 

- loi 

201 

24 

60 

+ 28 

26 

18 

+ 26 

26 

44 

Lr'o 

- 201 

loo 

41 

0 

— 

41 

34 

- 

41 

36 

Cap 

. 100 

110 

86 

63 

-14 

.16 

38 

-34 

.16 

4 

jpp' 

= no 

120 

19 

28 


19 

28 


19 

28 


- IM 

010 

34 

40 

+ 14 

31 

54 

+ 84 

36 

28 


« 110 

010 

64 

8 

— 

64 

22 

— 

64 

56 

/c? 

> 001 

Oil 

26 

8 

-W 

26 

CO 

-19 

25 

31 

iji 

- oil 

010 

03 

62 

— 

64 

10 

— 

61 

29 

r„o 

« too 

111 

48 

86 

-86 

48 

69 

-47 

11 

12 

oq 

-- in 

oil 

27 

42 


27 

10 


27 

14 

aq 

- 100 

oil 

77 

17 

-60 

70 

18 

-62 

75 

26 

qo' 

- on 

Ill 

34 

81 


34 

87 


.15 

6 

Lo'rt 

- Ill 

Too 

68 

12 

+ 63 

69 

5 

+ 23 

69 

28 

(eo 

- 001 

111 

86 

11 

-37 

34 

31 

-21 

34 

18 

op 

- Ill 

110 

43 

21 


43 

6 


42 

36 

■I cp 

- 001 

110 

7N 

82 

-63 

77 

30 

-60 

76 

40 

\j>o' 

- 110 

111 

66 

60 


.57 

4.1 


CH 

14 


Ill ■ 

ool 

44 

88 

0(+7) 

V 

38(43) 

+ 19(12) 

44 

67 

{bo 

- 010 

111 

69 

61 

+ 22 

70 

18 

+ 21 

70 

37 


- Ill ■ 

101 

20 

9 

— 

19 

47 

— 

10 

28 

fio' 

- 010- 

Ill 

66 

10 

+ 4 

66 

11 

+ 8 

66 

22 

U,' 

- Ill ■ 

101 

24 

60 

— 

24 

10 

— 

21 

38 


- 101 . 

oil 

88 

86 

-84 

88 

2 

-10 

.17 

43 

1 9P 

oil ■ 

110 

86 

26 ! 

+ 64 

86 

30 

+ 67 

87 

87 


- 110 . 

lol 

66 

68 ' 

— 

66 

28 

— 

04 

40 

f*'j 

. 1011 

oil 

45 

16 

_ 

46 

8 


45 

21 

1 9P 

> oil : 

110 

64 

7 

-87 

68 

30 

-25 

61 

6 

[pV 

- llUi 

101 

70 

38 1 

+ 41 

71 

22 

+ 12 

71 

34 

(r'o' 

- 201; 

Ill 

31 

88 , 

+ 16 

84 

49 

+ 18 

86 

2 

io'p 

- Ill* 

110 

98 

10 


98 

89 


02 

43 


- 110: 

201 

63 

17 

+ 16(4) 

62 

82(21) 

-17(6) 

62 

16 
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The minutes figures in brackets in the table are the observed values 
in those cases whore the differences between the observed and calcu¬ 
lated values are appreciable. 

The angular ohnngo is not generally directly proportional to the change 
in the atomic weight of the alkali mot<il, the maximum vanation from 
direct proportion among the primary imglos being exhibited by the 
prism sone, where the changes m tyi or hp are as 1 to 2^. 


Comparison of the Axial Ratios 


For potassium zinc solonato, n : h 

/ - 0-7468 : 1 : 0 6073 

„ ruljidium „ „ a. h 

r - 0-7431 : 1 : 0 6019 

„ ciGsium „ „ a •.h 

r = 0-7314 : 1 : 0-4971. 

Comparison of tho Relative Densities. 

Potassium zinc selenato ... 

2 6537 

Diff. 0 3067 

Rubidium „ „ 

2 8604 

Diff. 0-2649 

Csesium „ • 

31163 


The difference liotween the densities of potassium zinc and rubidium 
zinc sulphates is 0'343, and between those of the latter salt and csssium 
lino sulphate 0*283. 


Comparison of the Molecular Volumes. 


Potassium zinc selenato.... 

.. 210-13 





Diff. 

9-77 

Rubidium „ „ 

.. 319-90 





Diff. 

12-60 

Ctesium . 

.. 232-10 




The differences for the two replacements in the zinc double sulphates 
were 9-62 and 12'68. 


Comparison of the Distance Ratios. 



X- 



Ihff. 

- 

Diff. 

KZntdmats... 

6-1841 

1181 

8-8064 

1800 

4-8138 

460 

IthZn ^ ... 

6-8068 

708 

8-4868 

' 8-7811 

1 

8448 

4-8688 

4-8408 

1 809 



1919 

4867 

; 1869 
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These ratios may ho simplified by referring them to ^ tor KZn 
selenate as unity, when the values for that salt become idmtical with 
the axial ratios. These ratios are as nmler:— 


KZn wienatp... 
KbZn ... 
OtZn „ ... 


0-6078 
0-6128 
0 6226 


0 7468 
0-7698 


Compansoii of the Orioiitations of the Optical Indicatrix. 
Inolinations of Axis a of Inclicatiix to Vortical Axis r. 


For potassium zinc solonato .... 9 0 

Diff. 4 4 

„ rubidium „ . 13 13 

>. 8 44 

„ cwsiiun „ „ . 21 57 


The rotation of the ellipsoid is cloarly illustrated by fig. 2. 


Compcu-ative Table of Kefroctivo Indices. 


Index 


Vibr. 

8^L. 



Vibr. 

iSL'i. 



Light. 

1 KZn lalennto. 

1 

1 

1 

CfZn wleimte 


Li 

1 6087 

1 

1 1 6120 

1 6290 


0 

1 6092 

1 1-5184 

1*6206 


Na 

1-6121 

' 1-6162 

1*6826 


T1 

1 -6161 

1-6194 

1-6868 


F 

1-6189 

1-6283 

1-6899 


O 

1-6244 

1-6288 

1-6469 

r 

Li 

1-6146 

1*6188 

1-6388 


0 

1 -6161 

1*6198 

1*6381 


Ka 

1 6181 

1-6222 

1-6862 


Ti 

1-6212 

1-6268 

1-6884 


P 

1 -6262 

1-6298 

1*6486 


a 

1-6807 

1-6861 

1*6496 


I ^ 

1-6297 

1-6294 

1*6876 


0 

1-6802 

1-6200 

1*6880 


Ks 

1-6886 

1*6881 

1-6412 


Tl 

1-6869 

1*6866 

1*6446 


P 

1*6410 

1*6406 

1*6488 


a 

1*6471 

1*6468 

1*6640 
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Fio 2. 



Tho tMst mode of comparing the refraction of the throe salts is 
probably to take tho moan of all three indices, for an intermediate 
wave-length, of each salt, and to sot those mean indices sido by side. 
Such values for sodium light are given Imlow. 

Mean refractive index of KZn sclenate for Na light I‘5212 

IMff. 26 

„ „ KbZn „ „ 1 523S 

129 

„ „ CsZn „ „ . 1-3367 

Tho moan refractive indices of the K, Rb, and Cs dne sulphates are 
1'4869, 1‘4897, and 15034. The differences, 38 and 107, are thus 
reduced when sulphur is replaced by selenium 


Comparison of Double Refr.w.tion, Nay 


For KZn sclenate . . . .0‘0214 

DiH 

„ RbZn .0 0169 

„ CsZn ..0 0086 


The difference for the first replacement, 45, is thus neatly double that 
of the mean refi action, 26. This explains why, in spite of tho general 
progrenion in refraction, the y indices of KbZn selenute are slightly 
lees than those of the KZn salt 

The relations of the refractive powers of the three salts are con- 
ewdy expressed by the axial ratios of the optical ellipsoid, which are 
compared beneatli, and even more clearly by tho continuous curves in 
fig. 8, which express them graphically. 

V 04 utvu. (} 
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CompaiiBon of the Optical Ellipsoids 
Optical Indioatnx 

a fi y Double refraction 
KZiisolonato 0 9960 1 10101 141 

Itb/n 0 9961 1 10072 111 

CsZn 0 9977 1 1 003J o6 

Optical \ clocity 1 llipsoul 
a b c 

KZnstltiiiU. 1 0040 1 0 9900 140 

Rb/n 1 0039 1 0 9929 110 

Cs/n 100-4 1 0 9968 ib 

Comp 11 isun of the Optical Iiulicitnces when j8k/ I 

a 0 y 

K/n hdcnatc, 0 9960 1 1 0101 

28 27 2 

RbZn 0 9988 1 0027 1 0090 

108 92 oi 

CmZii 10090 10113 10ri2 

rhe Ifit scues of latios shows the totil change of the ellipsoid on 
liabSing from one salt to mother tnd tbo numliors are obtamod bj 
(onsidonng the imtial length of the ft ixis that is, its length in the 
potissiiun salt is unity fhey tre graphically expressed liy the 
dotted cuives iii hg 1 

£ie 3 



AihiO ratuN of optical indioatnx 
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Besides the main oonolusion regarding these axial ratios, given in 
the Abstract, it will be observed that a notably less change wcurs in 
the length of the y axis of the indicatnx than along the other two 
axes, when the total change is consideied, this is illustrate* 1 by the 
less swoop ot tho corresponding curve of the dotted sones shown in 
flg. 3. 'V^en the relative change only is considorud tho reverse is 
observed, the change along the y axis being tho maximum, and its 
curve of tho continuous series m fig. 3 taking iho greater sweep. The 
relative relationships of tho three axes to one another, in the case of 
e>ich salt, govern the magnitude of the optic axial angle of each salt, 
and the fact that tho positions for the rubidium salt are intermediate, 
points to an intormeebato optic axial angle fur that salt, an expecta¬ 
tion which tho next table shows is fulfilled. 

The diminution of the double refraction as the atomic weight of the 
alkali metal is increased is cleaily shown by tho ratios, and by the con¬ 
vergence of the curves. 


Comparison of True Optic Axial Angles, 

Lifiht I KZn Nvloiiato j RbZii soleimte { CtZn (clcnatc 


m IX 7C 10 

HO 1» 76 li 

liO 16 I 76 H 

HO 17 I 76 a 

06 20 I 7'1 3.7 


SS :» 
HO 30 
M 6 
82 48 

(12 14 


I 


The symmetry plane is the common plane of the optie axes. The 
double refraction is positive for all thiee salts, and the disposition of 
the median lines is also identical, subject to the rotation of the whole 
optical elbpsoid. 

Compansoii of the hlolcculai Optic.il Constants. 

Specific Ifefraction, = «. 

{n’+'ty 

K(ir ray C (II«). For my II7 dmw G. 

7 fi y 7 fi y 

KZn sol. 0-1170 0-llHl 0-1210 0-1199 0-1211 0-1242 

119 119 130 121 122 1S4 

KhZnsel. 0-1061 01062 01080 0-1078 0-1089 0-1108 

60 66 76 62 67 78 

CsZnsel. 0-0991 0-0996 0-1004 0 1016 . 0-1022 0-1030 
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Molecular refraction, ^ = m. 

Ji* + 2 d 

For rajr 0 (Ho) For ray H7 near Q- 

a ft y a 0 y 

f)2 7fi 03 37 64 93 64-33 64-98 66-03 

3-37 3-40 2-99 3 47 3-49 3 05 

00 13 60-77 67 92 67 80 68-47 69-70 

5 00 6 37 4 77 6-78 6-.51 4 88 

7173 72 14 72 69 73-58 73-98 74 68 

SjKJcifio Dispersion, it,, - n( 

a 0 

KZn sol. . 0-0029 0-0030 

KbZn sd . . 0-0027 0-0027 

CsZn sel 0 0026 0 0026 

Molecular Dispoision, nio - ntc- 

a 0 y 

rvZiisel . 1-67 161 1-72 

KhZnsel 1-67 1-70 1-78 

CsZnsel. 1-86 1-84 1 89 

Molctul.ir Refraction (Gladstone), ” ^ ^ 
a 0 y 

KZn sel 107-00 108-24 111-41 

6-90 6-96 6 12 

KhZnsel. 112 90 11420 116-63 

10-16 9-09 8 60 

CsZnwjl 123-06 12.3-89 125 03 

The rules stated in the Abstract regaiding specific and molecuLir 
refraction are independent of the wave-length, and whether they are 
oalculatod by the formulae of Lorenz or Gladstone and Dale. They 
are also independent of temperature, for it has boon shown with 
regard to each salt that the refraction is diminished by rise of tom- 
peratuie, and the density, the other factor in the calculation, is 
naturally affected in the same direction by increase of temperature. 

The replacement of sulphur by selenium in these zinc double salts is 
aooompanied by an increase of molecular refraction of 7-0- 7-4 Lorenz 
luiits or 13-0—13-9 Gladstone units for the ray C, according to the 
.direction compared. The increase due to each atom is thus 3-6—3-7 or 
6*6— 6-9 units. The values denved from a comparison of the simple 
sulphates and selenates were 3-4—3*8 or 6*2—7*2. The moan values 
derived from the two series are thus identical. 

In the next cc^nununication the magnesium group of salts will be 
described. _ 


7 

0-0032 

0-0028 

0-0026 


KZn sol 
BhZn sol 
CsZn sel 
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Certain Laws of Vaiiatioiu T. The Iteoction of I^eveloping 
Organisms to Environment” By H. M. VKRNOif, M.A., M.D., 
Fellow of Magdalen College, Oxford. Communicatod by 
Professor R Ray Tanhwtku, F.R.S. Received March 7,— 
Read March 29,1900. 

In a former paper* it was shown that the ova of t)ie Echinoid 
Stnmgyloeenirdm lieidm were oxtraonlinarily sensitive to their onviron- 
mental conditions at the time of impregnation. For instance, by keep¬ 
ing the mixed ova and spermatozoa in water at about 26° or 8° C. for an 
hour, the plutei obtained after eight days’ development wore some 5 per 
cent, smaller than those from ova kept at about 20° at the time of 
impregnation. It was even found that the effect produced was nearly as 
great if the time of subjection to the abnormal temperature were 
reduced to one or three minutes, though if reduced to ton seconds it 
was not so great lliis latter result was probably due to the time 
being insufficient for all the ova to become impregnated at the abnormal 
temperature. 

Those observations have now been repeated and coiifirmod, and in 
addition others have been made upon the leuction of the ova to 
onvironment in the later stages of their development It has thereby 
been found that the degree of this reaction diminishes in more or less 
regular proportion from the time of impregnation onwards. 

The method of experiment is fully desenbod in the above-mentioned 
paper, so it will be sufficient to state hero that it consists in shakiug 
pieces of the ovaries and of the testes of several spooimens of the 
Echinoid in small beakers of water, and then bringing portions of the 
contents to the required abnormal temperature. These portions are 
then mixed, and after an hour the temporatiue is gradually brought 
to the normal by floating the beakers in large vessels of water, ^e 
now impregnate ova are then poured into covered jars holding 2| to 4 
litres of water, and after eight days the plutei into which they develop 
are killed and preserved, and measured under the motoeoopo with a 
micrometer eye-piece in groups of fifty. In addition to these plutei, 
others are obtained in each case from ova impregnated at a normal 
temperature, but allowed in all other respects to develop under mmtlar 
conditions. These constitute the normal or standard larva, from which 
the variations in the mean size of the other larva are calculated The 
particular dimension measured was the length of the oaloareons skeleton 
cf the *' body ” of the larva, that of the arms as u rule not being deter¬ 
mined in the present research. 

The results obtained, both in the old and the present series of experi- 
• • PUl. Tmif.; B, 1896, p. 6W. ‘ 
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incnto, are given la the iccompeLnying table those of the old senea 
I)Cing the m^ans of several obeen ations — 



Hero it will bo seen that, on m aioiage a more luifai onrablc eifeot 
Has produced by exposure of the ova to i temperature of about 26 5* 
for an hour or a minute it the time of impregnation than to one of 
ibout 8 Thus 8 7 per cent diminution was produced m the 10 ob 
Borvations at 26 b*, and only 3 9 per cent in the 14 at about 8 
All these observations were made on the plutous of btmgylointtotm 
Imdw A further senes was also made with the pluteus of Sphmerhmu 
tfiaiaUarts This was found to bo a somewhat less vansble and less 
reactive organism, but even in its case a most distinct effect was pro¬ 
duced The dimennou measured in this larva a as likewise the body 
length * The results obtained were the fnllowmg — 


luns of expo*aM 

Temperatuio of itaprsgBStiOtt of 

Percentage 

duttuiution 




iniise 

piodnoed j 

tcmpofstiiro 

Komisllsm 

Abnonns! lam> 

1 liour 

IT 4 

IS 8 

7 7 


18 6 

10 9 



18 8 

10 4 

4 6 


n 8 

IS 0 

s e 


SI 1 

S7 1 

S 6 

Siafaintm 

i 


4 8 

Ibour 

\ so 9 

28 7 

0 9 

6 mmntea 



0 9 




la/ tgoTf of l^tss larra, cmT# 'Mil) Tmms B 18M, p 408 
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Lams imiMrcgnated for an hour at aboirt 11* were, on an average, 
4*0 per cent, smaller than the normal, or practically the same as m the 
ease of Slrongiflorentrvtut larvse. An abnormaUy high temperature does 
not seem so effective, however, judging from the few results available 
Thus one hour’s exposure to about 27‘ caused only 1 *7 per cent diminu¬ 
tion, and five minutes’ exposure 2 C per cent. It should bo mentioned 
that both in this case and that of StrmgyUxenirotui, the conditions of 
the short-time exposure experiments differed in one reepeot from the 
others, as the beahera of abnormally cooled or warmed ova were poured 
directly into jars of water at normal temperature, and wore not first 
gradually warmed or cooled That the shook of this sudden change of 
temperature cannot be held accountable for much of the effect produced, 
is proved by the fact that in those experiments in which the time of 
exposure was reduced to ton sccondb, only 1-7 per cent diminution in 
the siso of the laivee was ptoduced altogothor. 

Experiments were now made to dctciniino the effect of exposure to 
abnormal temperatures dui mg later stages of development. In each 
case all the ova were kept for the fiist hour during impregnation at the 
same temperature, and woie then diiided up into two portions, which 
were poured into jais of water at different tcmiwraturos. In the first 
experiment, made in March, the temperature of the Aquarium tank 
water was on an average 12 9°, or distinctly low. Some of the ova, 
after an hour’s impregnation at 13 2‘, were accoidingly poured into a 
jar of water kept at 22*. At various later periods the contents of this 
jar were stirred up, and portions of it poiir^ into smaller jars, which 
were then transferred to the tank of running water at 12-9*. The 
temperature of 22°, which previous experiments hod shown to be about 
the most favourable for the development of the larvn, was maintained 
practically constant by keeping the jar m a larger vessel of water, 
which in its turn rested on the top of a water-bath warmed very 
slightly by means of a gas flame provided with a regulator. The 
results obtained in this experiment are given in the following table, 
the body length of the normal lurvai, or those kept at 12'9’ during the 
whole (rf their development, being taken as 100:— 


Oonditioiis. 

Sue 

Perarntaas 
inrrraia 
per hour. 

During hoi 

Normal bnrrm (IS . 

l-nho«wat*r. . 

100-00 

89 oe 

ml 

1—11 

l-M „ . 

110-86 

0-40 

1-28 

*1 » . 

116-26 

0 Itt 



tiie lartifrd^ytlo|iii^ from ova hiQit 
■ i 
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only ten hours at 22* were apparently not affected. As subsequent 
results will show, this was doubtless due to some error. Those from 
ova kept from the end of the 1st to the end of the 28th hours were, 
however, increased nearly 11 per cent., or on an average 0-40 per 
cent, per hour for each of those hours. The larvae from ova kept 
seventy hours at 22* were iitcreasod by about 16 per cent., so the ad> 
ditional forty-throe hoiurs produced an extra increase of S‘39 per cent 
On an average, therefore, the increase during the 29th to Tlst hours 
amounted to only 0‘125 per cent, per hour, or less than a third us much 
;i8 fur the earlier period. 

In the next experiment, made in April, the temperature of the tank 
water WHS 13'8*. In this case we see that by keeping the developing 


Couditiani. 


Sim. 


Kormtl kr?a (18 8°). 

1—8 houn at 23°.. 

1—19 „ „ . 


1-188 „ 


100 00 
107 85 
111 00 
109-TB 1 
110*68 I 


Peraentogo 
inctcttM 
per hour. 


1-08 

0-37 


0 

0 


1-8 
8—19 
18—dS 
10-198 


ova during the 1st to 8th hours at 23*, the larvte wore increased 7*0 
per cent, in rise, or 1*08 per cent, per hour, h'ur the 1st to 19th hours 
the increase was 11*6 per cent, or, on an average for the 8th to 19th hours, 
0*37 per cent, per hour. Again, therefore, the increase per hour for the 
later period is only about a third that for the earlier. After the 19th 
hour, apparently no further increase in sue was produced. Probably 
this is an error, but in any case the effect must have been very slight 
It should be pointed out that there is probably m almost every case a 
possible experimental error of some 3 per cent in the determination of 
the growth of these larve, and occasionally, as wo saw in the preced¬ 
ing experiment, this error may for some unknown reason be consider¬ 
ably greater. 

In the next experiment only approximato results oau be calculated. 
Thus larvm were grown at respectively 13*3* and 20*3° during the 
whole period of development, but some of them were also preserved 
and measured after only 3^ days’ growth. Tho following values were 


obtained:— 

3i dsjri. 

Sds^i. 

Kept at 13*3* .. 

. .. 88*28 

100*00 

„ 20*3* .... 

, .. 109*68 

111*98 


Here we see that the larVse grown only 3^ days at 20*3’ are 9*63 per 
neat, largn than thote gro^n 8 days at 13*3*. If they had been kept 
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an additional 4^ days at 13'3‘ they wonld doubUees have grown some¬ 
what more. The inorease for the 1st to 84th hours is therefore some¬ 
what more tbun this 0'63 per cent., though loss than 11 *08 per cent. 
Let US take it as 10'80 per cent., or 0T30 per cent per hour. Again we 
see that the Urrn kept 8 days at 20*3* are only 2'35 per cent larger 
than those kept 3^ days at this temperature. Hence the maximum 
effect capable of being produced by the more favourable temperatiuv 
during this 84th to 192nd hour must be somewhat less than 0*022 per 
cent per hour, or not a fifth of that proilaced in the earlier period. 

The next experiment was made in July. After an hour’s impregim- 
tion at 22*7°, some of the ova wore poured into a jar of water which 
stood in another jar which was surrounded by water and ice. By this 
means the developing ova were kept at about 12”. Every few hours the 
water was stirred up and portions of it poured into jars, which were then 
transferred to the tank water. This had a mean temperature of 22‘5*. 
The following results were obtained.— 


ConditioiiK. 

Suo 

PmenUgs 

diminution 

During lionn 

ItonnsI larrw (88*6°). 

l>-6 houH at 18". 

100*00 

98*61 

per hour. 

1*28 

1-8 

1—10 . 

02*87 

0*31 

6—10 

1-21 „ „ . 

00 09 

0-81 

10-21 

- 

— 

. - - _ 

_ -- 


Hero we see that the effect produced during the Ist to 6th hours was 
four times as groat as that during the 6th to 10th hours. In another 
experiment some ova, which had been impr^piated at 1' C., and had 
thereby given rise to larvrn 3*6 per cent, smaller than the normal, were 
kept for the next eight hours at 6” The larvte resulting therefrom 
were still 9*34 per cent smaller, or, on on average, were diminished 
1'17 per cent for each hour of exposure to the abnormal temperature. 

As it was found somewhat troublesome to keep a considerable volume 
<rf water some twelve or fifteen degrees below that of the atmosphere 
for many hours, the rest of the observations were made on the effects 
<d keeiuig the developing ova at a higher temperature tlum the normal. 
As the temperature of the air in the summer months at Naples, where 
these experiments were made, varies but little from day to day, it was 
easy to keep the water in a tank holding about 30 litres at a practioally 
constant temperature throughout the experiment. In fact, it did not 
vary more than 0*3" or 0*8’ at tho most. In such a tank, if left un¬ 
covered, the temperature of the water was foimd to fall by evapontion 
to about 28°, or about 2" lower than that of the ataaospheno tempera- 
ton. ^ covering it up, this could be diminished if wished, and smaH 
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quanlitiei of hgi or oold w*ba oould be ndded to bring the temparatore 
to exactly what waa required. The room in which this tank waa kept 
was shut up doaely at night ao aa to prevent cooling. 

In the iirat experiment some of the ova, after an houria impr^nation 
at 22'2’, were k^ for varying periods in this tank of water at 26-0% 
and portions of them toanaferroil in smaller jars to Aquarium tank 
watw at a mean temperature of 23'&. The following results were 
obtained — 


5omsllarTa(»-t‘) 
1—4 boun St S6°.... 

1-8 „ . 

1-12 . 

1-22. 

1-144. 


100-00 
88-88 
88 00 
94-SO 
eo-31 
98-48 


-8 89 
+ 0-14 
+ 1-48 
+ 0-47 
-0-007 


During boon 


Here we see that three hours’ exposure of the dovolopng ova to a 
temperature of 26° produced a dumnutiou of 11-7 per cent in the siae 
of the larvaa. Further exposure, on the other hand, not only failed tp 
produce a further diminution of size, but gave an actual increase, which 
gradually became more and more marked. It is obvious, therefore, that 
a temperature of 26% though harmful to the ova in their earlier stages 
of development, becomes advantageous in the later stages. The reason 
of this will be made evident further on. It might bo thought at first 
sight diat this and other similar experiments in which the environment 
p^uees a vaiying effect, could be of no use in deciding the questioii 
under discusmon. By judicious selection of certain of the values, how¬ 
ever, useful results are obtainable. Thus, in the present instance, yie 
see that by the end <d the 8th hour the favourable action of the high 
temperature has already established itself, oud it remains established 
from that time onwards. All results olAained after this period are, 
therefore, of value, and the figures which show that the eflieot produced 
between the 8th and 12th hours u three times as great as that between 
the 11th and 22nd bourn, are genuine ones. The apperent slight 
diiniuutionqf size oorarring between the 22nd and 144th hourz is doubt¬ 
less due to experimental mrror. In all the observations made during 
the summer months the lerFe were killed and preserved after qoly six 
days’ growth, inatead of et^ This waa because they preoticaUy reach 
th^ maximum aiae in this period, the rate of growth being ao sgmch 
g q m ty tben at the Ipf-er temperatures experienced in the spring. 

IniPP next e xp w in wp t , dm edverse effect produced during 
fear hours’ expoaune W extram-dinarily groat, so that the faTOonUe 
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lafluenoe of tho kter houn wait only very partiaUy altio to coontwact 
it Thua, during the Ist to 4th hours, the diminution effected was no 
leas than 6‘45 per cent, per hour. T^re was oven a alight additicmal 
diinmution during the next 3| hotira, but after that the incroaee in size 
noticed in the above experiment set in. It is probable that an un¬ 
favourable effect persisted oven to the first portion of the 7 to 11 hour 
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period, as the percenUge iiicro<iho per hour is considerably less thou one 
would expect. Tho only values which are unequivocally genuine ore, 
therefore, the last two. From those wo ace that the effect produced 
between the 22nd and 44th hours is only an eighth of that between the 
11th and 22nd hours. 

It was thought that perhaps the very nvuked diiuuintion produeed in 
the size of tho larvos might be in part duo to the rather snddm changes 
of temperature to which tho developing ova wore subjected. These 
ehangee wore not, as a matter of fact, by any moans remarkably sudden, 
as the water in which the ova were place<l after impregnation took 
about fifteen minutes to attain its temperature of 26‘i whilst the reverse 
•change from 26' to 34 2°, the temporatnro of the tank water in this 
experiment, took about ten minutes. Still, to test this supposition, 
some of tho ova used in this experiment wore sulneoted to severalv 
•changes of temperature. Thus, one portimi, direotly pftec ibc first 
hour’s impregnation, was kept throe hours at W, then seven hours at 
24'2°, then fourteen hours at 26‘, and the remainder the time 
^ 34‘2’. The size of the larve obtained tbonefrcni mas or, 

if anything, somewhat larger than one would hare espeoted. Another 
portim of the ova was kept for diO Ist to boms at 94’2 «the !Uth 
to 22nd houn at 26-0°, and the remainder of the tiine at 34'3*. mo 
sue of these larve was 94'd3, or b per cent, less than the nmnnaL Qua 
‘tromld hare expected Uiem bo be if auythum slig^t^ larger than the 
oonnah as they were kept at the lower and ikTOunhle temperature 
.dwing the ^tfi^ hours. Stfll, these tvo«rporMlDde»tt^ 

that the ol even several dian^ of tenpomitare can cni^he 

jdiiiht. 
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Still, agnin, it was thought that the vigoroin stirring of the water 
which was necessary in order to distribute the organisms evenly 
through it previous to withdrawal of a portion, might perhaps exert a 
retarding influence on development However, this was evidently not 
so, as, in two experiments, in which the watei was absolutely luistirred 
throughout, the resulting larvae varied by respectively + 2‘0 and - 2*6' 
per cent from those derived from frequently-stirred water 

In the last experiment to be described the developing ova wore kept 
at 26° and not at 26°. Consequently, the diminution produced in tho 
size is not so great. In this cose, also, two paiallel senes of oliserva- 
tions were made, one with Stiong^loanlrvtu^ ov'a ns usual, and another 
with the ova of Sphateehtnm gramHan'^. In the former case, the 
unfavourable effect of the high temperature peisisted till the end of the 
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9th hour, and, in the latter, until at least the 2l8t hoiu-, and possibly 
ev en later. The Spheerechinus ova did not react so much to the environ¬ 
ment as the Strongyloemirotut, just as was found to lie the case in the 
experiments on the effect of temperature at the time of impregnation. 
Still these observations on Sphceteehim% as far as they go, more or leas 
support the conclusion drawn from the Stiongyluanhotus experiments, 
VIZ., that there is a diminishing reaction to environment as the stages of 
development progress. 

We see, then, that in all of those four sets of observations the 
origiiially unfavourable influence of the high temperature is later on 
converted into a favourable one. What is the cause of this 1 No* 
absolute explanation was arrived at, but some observations made on 
the maximum or death temperatures of the developing ova gave a very 
satisfactory partial explanation. In these observations portions of 
the water containing the ova in various stages of development were 
in a beaker, and this was placed in a huger beaker of wat» 
vilioh was gradually warmed. The beaker containing the ova was 
oontinuonsly stirred with a thermometer, and when the required torn- 
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perature had beoa readiod it was removed from tho warm water and 
qaiohly cooled down by a itream of cold water. After keeping for 
twenty-four hours, corrosive sublimate was added to kill off any of the 
embryos still surviving, and they were all collected in a small glass cell 
and examined luider the microscope. hVom the different stages of 
development attained by tho developing ova killed at the time of heat¬ 
ing, and those only killed twenty-four hours later by tho sublimate, one 
oc^d easily determine the effect of tho various degrees of high tem¬ 
perature. 

For ova at the time of impregnation tho fatal heat temperature is 
probably aliout 28'r)°. Thus only 31 per cent, of some ova heated to 
27*7° at tho time of impregnation wore found to have developed to 
normal blastnlm twenty-four hours later, whereas some of the same ova 
impregnated at a normal temperature (14*2") w’ere all found without 
exception to have reached tho blostnla stage On tho other hand, in 
another case not a single ovum out of a number heated to 30' at the 
time of impregnation showed any sign of normal development twenty- 
four hours later. 

As regards subsequent stages, portions of some developing ova^ four 
hours after impregnation, were heated to respectively 29", 32°, 36 , 
and 38°. Next day all tho embryos heated to 29° and 33° had nearly 
or quite arrived at tho pluteus st^, whilst none of those heated to 36' 
or 38° had got further than the half-formed blastula stage. Tho fatal 
temperature must therefore have been between 32" and 36°, or say 
32'6°. Other portions of tho same stock of developing ova were 
heated in a similar manner twelve hours after impregnation. Next 
day all those heated to 29°, 32°, and 36° had arrived at the full or semi- 
plnteus stage, whilst all of those heated to 38' were either normal 
blastulm or blastuln just beginning to invaginate. 'fhe death tempera¬ 
ture iir this case must therefore have been about 36‘6°. Still other 
portions of tho some stock of embryos were hoateil to various tempera¬ 
tures twenty-eight hours after impregnation. They had now arrived 
at tho free-swimming pluteus stage, and hence it was quite easy to 
determine by naked-eye observation what effect had been produced. 
Of tho plutei heated to 37°, none were affected, but all of those heated 
to 39° sank to the bottom of the beaker in a few minutes. However, 
about a third of them hod recovered an horn* after, and all of them had 
revered several hours after. None of those plutei wore heated above 
89 , so the actual death temperature was not determined; but other 
■results showed that the death temperatiu^e is only slightly above 
tihe heat paralysia temperature, so one may conclude that it was in this 
case about 39-6°. 

On hwting stnno of the six days plutei obtained from the same stock 
of ova, it was foimd that a quarter of an hour after heating, three- 
fourths <rf those heated to 39’ had sunk to the bottom of the lieaker. 
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luul uU of those heated to 40' cmd 41". After an hour, all of those 
heatod to 39", and half of those heated to 40", were free-swimming. 
After four hours four-fifths of those heated to 40’ were freenswimming, 
but none of those heaUsl to 41' had recovered. The death temperature 
was therefore about 40 .'1'. 

These death temporature oliservations pcrtiape Tjccome more striking 
if put in tubular form Thus •— 


Death 

tempentUM. 


28-6° 
.18-5 
36-6 
3J-5 
40*8 


Tt should 1 h! lenuikod th.it the embryos used in these observations 
had been kept at 26" during development. Six days’ plutei obtained 
from the same stock of ova, but allowod to develop at 23’5° instead of 
26", were fouiul to have a death temperature of 39*3’. Thus the 
higher temperature of ilevelopment had produced a certain amount of 
aecUmatisation. 

The bearing of these results on the curious double effect of exposure 
of the developing ova to high temporature is obvious. Thus, if a tem¬ 
perature of 29" is fatal to the vitality of ova at the time of impregna¬ 
tion, the temperatures a few degrees below this are doubtless un&vouv- 
aUe to development. Still lower temperatures, on the other hand, are 
known to exert a favourable influence. Now as in the course of 
development the death temperature gradually rises, one js quite 
justified in ooucluding that the lower limit of the unfavourable tem¬ 
perature lisee too, and very prolmbly to a more or less siniilar extent 
In the above exponments it was found that up to the end of four hours 
a temperature of 26" was distinctly unfavourable to growth. Poring 
the next four hours it was more or loss neutral, but after this tpse it 
was most distinctly favourable. Now the present observations thow 
that between the 4th and 12th hours the dei^ temperature rises about 
.3", so what was an unfavourable temperature to the earlier stage of 
development may have liecome converted into a favourable one to the 
ll^sbtge. 

liet us now return to the results on the effecto of temporary subjeotion 
to abncHToal temperatures. These were obtained under su^ a variety 
«| conditions that one is scarcely warranted in grouping theip aU 
together, but the majority of them can he split itp into three moaro at 
lem homog(s>oous groups. In one the soiled normal Iwrvm weae 
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kept at> about 20", and tho almonnal onos wore kept for varying num¬ 
ber of houn at about 8°, whereby a negative effect on growth was 
produced. In another, tho norm^ larvaa were kept at 13°, the 
nbuormal at 22°, a positive effect being produced, and m tho third the 
nomial larvffi wore kept at about 24° and the abnormal ones for varjdng 
periods at about 26 , whereby a negative effect, followed by a positive 
one, was produced. 
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The results are ananged in this table aceorduig to tho tunes duiing 
which the larvn wore exposed to abnormal conditions. Tho means 
these times are idso given, as comparisons are thereby rendered easier. 
In ^e first line of the loft poition of the table is given the average 
effect produced in the ten experiments already quoted, in which the ova 
were kept at about 8° at the time of impregnation. (The oxpeiimeuts 
in which the time of OiXposuro was oiio to three minutes have been 
emitted, as the effect produced in this case was probably something 
special, fUrectly connected with tho act of impregnation.) The results 
in this group of observations show a faiily regular and very rapid 
dimiuntion in the effect pioducod on the sue off tho larvte with pro¬ 
gress in development, but unfortunately they extend only to the 21st 
hour. The results in the middle portion of the table extend tp the 
I92nd hour, but they are very irregular. NevertheleaB they also, on 
tile whole, show a rapidly diminishing effect. The results in the right 
portion of the table bear out this result more fully. In the first line is 
given the mean of tho seven observations in which ova were kept 
•t 26° at the time of impregnation. In the next three observations in 
tho tebH ^ ^fiioh the mean tune of exposure was 2*6 hours, the mean 
s4^ produced was 4-1 per cent. In the 10th boqx it was 1'4 per 
eont, in ti>e 15th to 17th hours on an average 0*36 per cent,, and in 
IhojUNi boar on on average only 0*008 per cent AU the ohM^atioqs 
iMflsk therefore, whether taken in the small groi^tn which they irera 
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ongmally obtained, o) taken collectively, agieo ui showing that the 
effect of temperature on the growth of an organism diminishes very 
rapidly from the time of impiegnatum onwards It is to be noticed 
that the effect produced was h fai as conld lie ascertained, a perma 
nent one At least it pemsted to the full Uival growth of the 
organisms for the larvsp woie found to practically cease growing after 
BIX to eight days development How much would have persisted 
through the metamorphooM to the adult Fthmoid •■tigo is, of course, 
mother mattoi 

It seems highly probable that what is tiuc for temperature is true 
for other environment d conditions, and that future research will 
justify one m tssuming the eustcnco of a definite Law of Variation 
This might bo iiordod is follows * Thepnnmnmi ffffft of mitronment 
n the qi<uth <f n ileieloptnq oigantm dtmtnt'Jie^ requluili/ mid rapidly 
horn the Unu of ti ipreqiuitum otimml 

It 18 necessarj for me now to make one serious criticism of all these 
observations one which I regiet to any did not occur to me till after 
they had been completed and when it was too late for me to put it tcv 
a proper experimental test This criticism depends on the olmous 
fact that all orgaiusms must be oonfined within comparatively narrow 
limits in then powers of giowth so thit for instance supposmg a 
Slronyyloeentrotiii pluteus under avenge conditions attains a size of 
100, then piobably under no conditions whatsoevci could it l>c made 
to attain a laiger size than 120 to 120 or a smaller one than 80 to 
70 Thus in the most extreme v mition noticed in my of the 
numerous observations made on these luivse the range ran from 19 2 
per cent above the noimal to 18 0 per cent below it Now supposing 
that during the hrst hours of development an embryo is placed under 
especially ftvoui iblo conditions then it may happen that theieby it is 
stunulatcNl to imdoigo all or neatly all, the mcreased growth of which 
it 18 capable In subsequent hoius, therefore, little if any more favour 
able effect raaj lie produced, simply beemso the oiganisms from Uieir 
very nature uo uimble to show it 

If this principle bo examined in rolition to the piesont experiments, 
I think It can lie shown, however, that though no doubt the relation 
between the loaction of the oigamsm dunng the e^mlior hours to that 
in the later hours has thereby been exaggerated yet that there still 
remains plenty of evidence behind to prove that the cbminishing re 
action to environment exists m adchtion 

Let 118 first consider the three senes of expenments in which the 
developing ova were kept at 26* or 25* Here a diminution of sise 
amounting to from 7 66 to 20 76 per cent is produced by the first few 
hours' exposure to high temperature, so that after this, when the 
environment b^pns to exert a favourable influence, we know that it 
has at least this range of growrth capacity at its disposiJ, {dus what' 
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«ver amount of inci eased growth one might have been able to effect m 
the “ normal ” larve, by exposing them to the most favourable condi 
tions of growth possible Now ao see that in no case did the favoui 
jible environment succeed in forcing on the growth of the larvm to that 
of the ongmal iioimd larvw, so theio wha da ays plenty of groarth 
capacity at its dispos d 

In the expeliment in which the ova were kept it li instead of 
22 6 , there is no doubt th it the larva* could have been diminished at 
least 10 to 10 pei cent more if the conditions hud only been sulfi 
cieutly unfivoiirible ind sufficiently long continued I hue iii the 
above-mentioned papci it is shown* that 1 u\ o kept dining the whole 
period of development it 10 nisteil of ibnitiO ii e diminished m 
sire by no less than 24 pci cent 

We see, thcieforo, that in two of the diffeiciit methods ulopted for 
acting on the larvi* thcie was ala lys ii considerable imonnt of 
growth cipacity stdl pnsent Ihis may haic lioon true idso for the 
thud method, though in this case one cannot piove it Now we have 
seen m the ibove tables that the leiction in the latest periods of 
development wis not i hundicdth oi c\cn a hic hiindiedth part of 
that in the first horn, ind hence, even admitting the growth capacity 
was dimimshod, there cm bo no doubt whateii i th it the sensitivoness 
of the organism to the eniiionmont iindcigHs in inoimous giadual 
diminutioii 

In order to dcteimiiio exactly the scnsitncncss of the developing 
ovito enviionment dimiig the \ uious stigcs of giowth one should 
keep vanoiis portions of them at the noimid temperature for the first 
three, six, &g , hours, and then expose them to the abnormal tempera 
ture for a few houis Ihcn they should Ixi transferred, for the 
remainder of their ilevelopraentil penod to the iioimil temperature 
III this wiy theie would always be the same amount of growth 
capacity for the envnonment to work upon lud so the cflbcts obtamed 
for the various penods would accui itely o\piess the tiuo capacity for 
reaction 
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It IS obvious that m ordei to domonstrite the piinciple under dis 
eussion, almost any sufficiently powerful (oudition of environment 
nug^t have been chosen Temperatuio w is hit upon first as being the 
most convenient one, but further soncs of experiments were made with 
another oondition also, that of saluuty of the water It has been 
•hownt that growth of the larvm m water of a oertam dilution may 
iQorease the sue by as ipuch os 15 6 por cent, whilst growth m pure 


• Phil rniu B 1808 p 481 
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aea water, instead at \<inaintm tank a itei ni ly increase it by as much 
as 19 3 per cent* Ah a mle, howe\er the effect produced is not so 
great is this 

The del eloping ova ifter impregnation for one hour undet normal 
conditions in 01 ^ 11 x 17 Aqiianuin tank water were kept for various 
ponods in diluted sea vv vtci (i pine sea water lud wore then trans 
forred to ordinary ttuik watei again Ome the ova have reached the 
free swimming blastnl i st ige or within alwut ilv e hours in the middle 
of the summer it is practically impossible t> sep irate them from the 
water in which Ihcv aic swimming In all the expenmonta thoicforo, 
one part of the diluted or pnio sot w itei aftoi vigorous stunngto 
distribute the embryos evenly thiough it was poured into tun parts of 
the noimil water The faubscqucnt growth of the embryos was there 
fore continued in tank witir containing iii ilovonth part of the foreign 
water but as will soon be seen this cml I have mule vciy little differ 
ence to thur sire 

In the first experiment m wle in the lieginnmg of April the develop 
ing ov V woie pi veod in diluted w iter m ule by adding 100 c c of fresh 
witer to 1900 c( of Aqiunum t vnk water fhe specific gravity of 
this water w is found to lie 1 02716 at 15 '>0* C, whilst that of the 
un idiUtor ited t ink w iti 1 w ns 1 02869 Fho following were the 


1 esults olitained 

Normal liivx (128 ) 100 00 

1 6 houis III dilutoil watei 95 44 

1 12 , 9i55 

1 2) „ 89 02 

1 192 102 08 


Here vve see that larv e kept first in dilutul water, itid then trans 
ferred to normal watei, uu eonsidei ibly diminished in size, those 
transferred after twenty foiu honis development being diminished by 
no loss than 11 pci cent 

Iho next experiment w u> m ulc in Tidy when the temperature of 
the water during development was 21 6 , or nearly 8 " higher than in 
the Apiil oxpciuneiit Tlio following values were obtamed — 


Noimal larva, (21 5 ) 100 00 

1 6 hours in ^uted watei 96 90 

1—11 , „ 96 63 

1 2> , 103 28 

1—144 , „ 103 66 


In this ease the lurvei reached their nunimum size after ten bontV 
growth, and then so rapidly increased that feotteen hours later thejr 
were S per cent largei than the normal 

* ' ICittheilnugw a d Zool Stst sn ITnpel,’ vol IS, p 
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The next and last experiment was made in Augiut, when the tem¬ 
perature of the water was on an average 24*6° In this case the larvm 
wore first kept in pure sea water collected several kilomotroa from the 
-shore. The specific gravity of this water was 1*02868 at 15*06', that 
of the normal tank water being 1*02901 


Normal Ianao (24*5°) . ... 100*00 

1—4 hours in pure sen watei 90 38 

1-8 „ ,, „ . 93*61 

1—12 „ „ „ 96*98 

1—22 „ „ „ 97*04 

1—144 „ .... 103*61 


Hero we sec that the larvos weto leduciMl to their miiiimiim sise by 
only three houis' development in pure sea water, and that longer 
treatment produced a more and more favourable effect, though only 
those larvm kept for the whole period of development m the pure water 
were larger than the normal. 

We see, therefore, that in each of those series of experiments, 
though the ultimate efiiect of the diluted or piiio sun water was a 
favourable one, yet a temporary immersion in it was alw'aj's unfavour¬ 
able. The times of production of the nutximuni (bminution of sise 
wore respectively twenty-four, ten, and three hours, or apparently 
very variable. It is to bo noticed, however, that these times mote or 
less correspond with the period at which the dc\ eloping ova reueh the 
free-swimming blostula stage. Thus at a tcniporaluro of 13*8' this 
was found to be some twenty to twenty-foui boms, whilst at a 
temperature of 24° it was about fiio hours At 21*5° it is pmliably 
about eight hoimi, though no exact obsenations w'ore made to deter¬ 
mine it. 

To what is this unfavourable ofTect upon the l.irval growth duo 1 It 
IS impossible that the pure sea water can of itself Ini a loss favourable 
medium for the early stages of development than the impure tank 
water, and probably the some is true as regards the diluted tank 
water. In all pi*obability the harmful effect is to he attiibuted to the 
shook attendant on the transference of the embryos from water of a 
lesser degree of salinity to that of a greater. Owing to the 
difierences of osmotic pressure thereby set up, the tissues would 
immediately undergo a certain amount of shiinkage, and it is a 
ready assumption that their growth is thereby for a time delayed. 
The sensitiveness of the embryos to a change of salinity would seem 
to be leas and less the more advanced the state of development, so that 
after a day or two’s growth the harmful influence becomes entirely in 
ebeyanoe. 

The reverse process of tranaferonco of the devetoping embryos from 
more saline to leas saline water does not, on the contrary, appear to be 
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attended with any unfavourable result Thus some of the same stock 
ol impegnated ova used in the second of the above experiments were 
kept for rosputively iivo and twenty four hourb in oidinary tank 
water, and were then transforrod to diluted water, and kept there foi 
the remainder of their development The larve so obtamed were 
lespoctively 2 6 ind 2 8 poi tent larger than the normal, or but 
sbghtly smdlei thui the laivio kept fur the whole ponoil of dtvtlop- 
ment m diluted w itei Tn mother instance, also, embryos kept for 
respativcly tweiitj thiee houis ind two days in noimd water, and foi 
the rest of dovclopment in diluted water wore 3 2 pet cent and 1 1 per 
cent birger than the noimal 

These expenmenU therefore piove that the condition of sahmty is 
not a f ivourablo one for the determin ition of the reaction to environ 
mont Still they servo to emph isise the extraordinary sensitiveness 
of the embryos to their onvnonmontal conditions, and dso show that 
this Bonsitivoness is much gieatei in the earlier stages of development 
than m tho later ones Only one obseivation was mode on the effect 
of keeping tho oi i in diluted water for an hour it the time of impreg 
nation In this case i dimmution of 2 2 pet cent was produced m the 
Huo of tho larvtu In the pipei dready mentioned, however, five 
experiments of this inture sie reeoided,'* the water being of various 
degrees of salunty fho eilecte produced weie respectively - 4 <3, 
+ 41, 1 H 2 9 and -2 4 per cent, or on an average 1 6 pei 
cent 

bitum u j 

By keeping tho impiegnated oviof the Behinoid 'itiiiijfluccntrotti'i 
Itndus foi 1 anouB peno^ dunng developmi nt at an abnormal tern 
porature, and oompating the siro of the larve into which they developed 
with th it of 1 irvs allowed to grow throughout under normal oon 
ditiuns It was proved that the permanent effect of iempeiatare on the qrowth 
lUmtntihed lajndli/ and rtgularly fiom the time of mpegnaUon onwanL 
hor instance, it was found that exposure of the ova to a temperature 
of about 8 for an hour at tho time of impregnation produced on 
ai orage diminution of 4 1 per cent m tho sue of the larve measured 
liter eight days’ growth, duruig the 4th hour after impregnation the 
diminution produced for e ich hour’s exposure was about 1 2 per cent, 
<md dunng the 16th hour about 02 per cent In another senes, 
exposure to a temperature of 22* produced an increase in siu, this 
amounting to about 1 1 per cent for each hour’s exposure in the 4th 
hour, to 0 4 percent m tho 14th hour, 013 per cent in the 46th 
hour, and 0 01 per cent in the 120tii hour 

Exposure to a temperature of 26* dunng tho first few hours of 
development produced a diimnutum of from 20 8 to 7 4 per cent, 
• Phil rnms,' B, 1896, p 688 
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but in the later hours it produced an incroase of from 4*3 to 11-0 per 
cent. The reaction of the organism to a constant environmental con¬ 
dition was thus a variable one. This is probably evplicablo by the fact 
that the temponitiirca nece‘<8ary to kill the organisms, and presumably 
also tho>jo which cause an uiifaruuiablo effect on growth, nse stcaflily 
during dovelojiment Thub the death temperature is aliout 28 5“ for 
luisegmented ova, 34 for blastiila>, and 40 for pliitci. 

The impregiiuteil ova were also found to bo miiih moi’o sensitive to 
changes in the h.iliiiity of the water during the early stages of 
development than duiiiig the later ones 


“ On the Diffusion of (lold in Solnl D'ud at the Ordinary Tempo- 
rature” Hy Sii \V IlonBUis-AusitN.XC H, F.Ii.S.riofcfwor 
of Mctdlluigy, Pkoyal College of Scieiu-c. Ihs-cived April 5,— 
Eeail May 10, 1000. 

In the Bakenan Lecture, “ On the Dillusion of Metals,”* delivered 
in 1896, evidence was given to show that gold placed at the fmse of a 
column of Hold load 16 cm. high, maintained at a mean temperature of 
492°, or 166 above the melting point of load, diffuses to the top of the 
column ill an appreciable amount in a single day, the diffusivity ex¬ 
pressed in centimetre-day imits lioing 3 0 If the load bo heated, say 
to 261°, or 76° below the melting point of the metal, difiusioii takes 
place at a much slower rate; it may still Ixi leadily measured, though 
the diffusivity is only 0 023 in centimetre-day units. In the experi¬ 
ments on diffusion in solid lead, the latter metal was prepared with 
great care, and possessed a high degree of purity. The method of 
preparation consisted in the reduction of carefully purified carbonate 
of lead by cyanide of potassium, the reduced metal being cast in 
carbon moulds. 

It became evident that at the ordinary temperature the rate of 
diffusion of solid gold in solid load must be very slow, and I stated in 
the Bakerian Lecture that cylinders of leail had been set aside with 
discs of gold affixed to their bases, in order that, after a sufiScient lapse 
of time, the diffusion occurring at the ordinary temperature might be 
measur^.' By the month of March in the present year, four yean 
had elapsed since the experiment began, and the time appeared to be 
sufficiently long to justify the attempt to ascertain how far the gold 
had diffused. In starting the experiments the bases of the lead 
oylinden wen carefully brought to a smooth surface, and the discs of 
purs gold were specially cleaned, the discs of gold being held against 
D«Uv«nd I'Antsty SO, 1806. * Fhil. Tniu.,’ A, voi, l87 (1806) pp. 888-411. 
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the bases of the cylinders by means of clamps The laboratory in 
which the cylinders wore placed consists of a vaulted chamber situated 
in the basement of the Mint and its temperature vaned but little from 
a mean of 18 C The di imctors uf the cylinders were in all cases 
0 88 0 ro their lengths a u led somewh it, the longest lieing 25 cm 
At the end of the four yeirs the discs of gold wore found to be 
adherent to the load the cylmdoia were divided into thm slices at 
right angles to the axes of the cylinders the first slice was approximately 
0 76 mm thick but the succeeding layois weie about 2 3 mm thick 
Bv the ordinary metho Is adopted by assayers, which were conducted 
with extraordinaiy precautions, gold was found m each of the foui 
lower slices while only the minutest traces of gold could be found in 
any slice beyond the fourth fiom the base The imount of gold 
that had difiused in the difierent cylinders of lead was, however, not 
uniform The variation is piobably due to cbfieronce in contact 


Gb>ld ^pmgloi 
Ml layer 


% t 


Gold Globule 
8rd layer 
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Gold Globule 
2iid layer 


Gold Globule! 
Ittlayer 


between the cylmdeis of load and the discs of gold The results in 
all four experiments were, however, of the same order, and it will 
be sufficient to give the actual amounts of gold found in a single 
cylinder The richest layer was, of coarse, the one in direct contact 
with the gold, ^d fiom it a globule of gold was extracted which 
weighed 0 00006 gramme There is in the Mint a b dance that will 
rwMidy weigh such globules The gold extracted from the 2nd and 3rd 
layers was too small to be weighed, but the amounts could be approm 
inately determined by measurement under a microscope Aotual 
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photographs of the gold extracted from the successive layers of a 
cylinder are, moreover, appended; the magmflcation being in all cases 
the same (66 diameters). 

It may be thought that the amounts are but small, but from the 
point of view of the assayer, who is accustomed to determine minute 
quantities of precious metal in largo musBcs of material, the results 
assume very sulwtantial proportions. Thus the amount of gold found 
in the richest layer of lead represents no loss than 1 oz. 6 dwts. of 
gold per ton, which could be profitably extracted, while the amount 
in even the poorest layer is dwt |)or ton. 

The significance of these results may perhaps bo made clearer if it 
is stated that the amount of gold which would diffuse in solid lead 
at the ordinary temperature in 1000 years is almost the same as 
that which would diffuse in molten lead m a single day, provided no 
more gold is supplied in either case than can bo held in solution. Thu 
will serve to show how important temperature is in relation to difliuion. 
As an example of the relative effects of temperature on this purely 
physical change and on a chemical change, it may be interesting to 
refer to the case of the <lissociation of auric chloride. At the 
ordinary temperature, the tii-chlonde of gold « very stable though 
it decomposed rapidly at 180% and my colleague. Dr. Bose,* has shown 
that though the decomposition of auric chloride may be perceptible at 
a temperature of 70°, it would nevertheless require, at that tempera¬ 
ture, about twenty-five years for its nearly complete change into mono¬ 
chloride. 

I believe, with Bobort Boyle, that though solid gold may have its 
“ little atmosphere,” “ no man has yet tried whether gold may not in 
time lose its weight,” but the rate at which gold can possibly evaporate 
into the air at the ordinary temperature must be far less than that at 
which it diffuses into le^. This shows that the action of a solvent 
for the gold is necessary, and this solvent is provided by bringing gold 
into contact with eolul metallic load. 

I would express my warm acknowledgment to Dr. A. Stansfield, who 
aids me in couduoting the Metallurgical Laboratory at the Boyal 
College of IScicnco,‘'for the care he has devoted to the tedious manipu¬ 
lation involved in these experiments. Uis help has given me great 
confidence in the accuracy of the results It may be w'ell to add that 
I propose to prepare suitable cybndors of lead and gold on the lines 
indicated in this paper, and to offer them to the National Physical 
Laboratory with a view to their being examined after such a lapse of 
time as may be deemed fully adequate. 

[JVbfs, May 28.—In the Graham Lecture, delivered at Glasgow on the 
18th of April last, after speaking of the diffbsioa jot gold in solid lead. 

* ‘ Joum. Ohem. Soo.,’ roL 67 (1896), p. OOA. 
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I stated that I was “trying to ascertain whether diffusion in the solid 
meial is, or is not, accelerated by the simultaneous passage of a strong 
electric cm rent” I again referred to the subject in answer to Lord 
Kelvin during the discussion which follow orl the reading of the present 
paper, and stated that the experiments wore incomplete Such experi¬ 
ments take a lung time, and it may be well to add that the arrange¬ 
ment was just as is desciibcd iiIkivc, except that the Iciid onhnanly 
used for assaying was employed Two cylinders, each 0'8S cm in 
diameter, with gold clamped to their respective bases, were maintained 
at a temperature of 150 for 511 honis, licginning on the Slst of 
January of the ptesent year. A cniient of .irapcres was pissed 
through one of the cylindeis only diiiiiig the whole time, the current 
pissing from the gold to the lead. The amount of gold w Inch had 
diffused into each of the lead cylindei s was then asceiUiincd by the 
method which has already lieen descnliod. (rold was detected at a 
height of 7 ri mm. m the case of the (yliinlcT through which the current 
hail pissed, while in the other case with no tuneiit it h.id re.ichud a 
height of 10 mm., the amoiuit of gold in eai h swtion Ixung also greater. 
Sul)HO(|ueiit experiments showed that .i put at least of this dilferonco 
was due to iniperfcction in the conbict liotw'een the lead and the gold. 
Other exponments arc now in progicss in which far greater current 
densities are employed. 

If those exp'nmeiita confirm the previous one, they will show that a 
solution of gold 111 lead docs not, to a small extent, as an electrolyte. 
The following metliml was adopted for ensuring contact liotwoca the 
gold iukI the lead — 

My assistant, Mr. W. H. Moirett, suecewled in joimng by fusion 
discs of gold lietwecn two cylinders of lead, us is shown in the accom¬ 
panying figure. Contact lietweon the metals is, therefore, above re¬ 


el 



proach, but it will be many weeks before the results can bo recorded. 

Thirteen years ago I was unsuccessful in the attempt to electrolyse a 
solution of gold in metallic lead by the passage of a current of 300 
ampiires through the molten mass.* The failure may have been due 
to the fact that at the high temperature produced diffitsiun must have 
been very rapid. If, therefore, separation of gold from the lead did 
take place, uniformity of the solution may have been restored by difta- 
• Brituh AsmoisHob Bsport, 1887, p. 841. 
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8ion. I succeeded in 1896 in obtaining some evidence as to the separa¬ 
tion of gold from its solution in metallic lead by electrolysis through a 
glass septum.* This is, however, only indirectly connected with the 
deotrolysis of alloys ] 


“ On Certain Properties of the Alloys of the Gold-Copper Series.” 
By Professor Sir W. Boberts-Acstkn, K.C.B, F.RS., and 
T. Kibke Boss, D.Sc. Beceived and read May 10,1900. 

[Plats 1] 

Notwithstanding tho extraordinary importance from a technical 
point of view of the members of this senes, which constitute the gold 
coinages of the world, singularly little is known respecting either their 
molecular constitution or oven their physical constants. Both the 
authors of this paper possess miusual facilities for studying them, and 
they felt that time should not lie lost in beginmng a systematic exami¬ 
nation of tho series. The other alloys used for coinage have, on the 
other hand, not been so neglected. Many years ago one of U8,t in 
submitting his first paper to this Society, gave a curve reproseuting 
the freesing points of the members of the silver-copper senes. This 
curve, corrected in accordance with more recent work and interpreted 
in a modern way, provewl to lie one with two branches mooting at a 
point where tho eutectic alloy of the two moUls oci urs. The presence of 
the eutectic has also been since leadily detected m standard silver and 
in several other members of the senes, and possesses a molting point of 
778°. As IS well known, different poitions of a mass of any of the 
solirlihed alloys of the silver-copper series, except the eutectic alloy, 
exhibit divergences in composition which usually amount to about two 
or three parts in a thou8.vnd. 

Tho gold-copper series, on tho other hand, has long enjoyed a 
reputation for homogeueit}’, and it was supposed that the variations in 
the composition either of the alloy which contains 916 66 p<irts of gold 
in 1000, and is used for tho coinage of tho Empire, or of the alloy 
which contains 900 parts of gold in 1000, and is one adopted by the 
Latin Union and in tho United States of America, need not exhibit 
greater divergences than 0*1 pait in 1000. It was, moreover, believed 
that such a divergence was not the result of any systematic molecular 
grouping. This view was shaken by one of uaj in 1896, when 
evidence was obtained by chemical analysis that in the case of a gold- 

* Third Bsport to Ihs Alloys Brsesroh Commiltoe,' Pror.Init. Meoh. Knginsen, 
1896, p. 240. 

+ HoberU-Ansteii, ‘ Hoy. Soo. Proo.,’ voL 28 (1874), p. 48L 

X Boss, • Ohsm. See. Journ.,’ toI. 67,1898, p. 882. 
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copper alloy containing 0 2 per cent of impunty a certain amount of 
the gold wis driven to the msido of the mass by solidification Cor 
roborativo evidence w is Mibscquently obtained by the wl of the cool 
ing curves afforded 1 y the rccoiding pyiomoter a descnption of which 
has alro idy b( en submittwl to this Society 

To decide the point finally it was desirable to show to wli it gioup of 
alloys the gold copjier si nos liolongs ind in particuhi to dctemime 
whethei the fuenng points of the \ at urns alloys woul I he on i single 
continuous cur\ o connecting the frt e/ing point of gohl with th it of 
roppei 

ireeringpoint (ur\is wire accordingly taken by the lertrdiiig 
pyrometoi of i romprehensivo senes of alloys In each ciso 100 
grammes of the alloy wore employed and the thermo couple protected 
by a veiy thin cliy tube was insortel in the mcltc n m iss which had 
lioen prcaioubly thoroughly stiiied Iho rite of iiMiling was pro 
longed as much os possible by allowing the ciuciblo iiid its rontents 
to lomoin in position m the gis furnace in which the melting hod 
been effected The fieezing points of this senes h»e so fit as we 
lie aw irc never I ecu puhlibhed except v few at the copper end 
by Ileycock and Neville * MM Chirpy ind Ricbe haao however, 
lecontly stated that the curve of fusibility of the alloys of gold and 
copper consists of two biaiichos meeting it i point coTiLsjxinding to 
the eutectic alloy which according to these exyienmenteis contains 
56 per cent of gold alloyed with 45 poi cent of coppei ind fusts at 
940 t This conclusion is not euiihrmod by the residts of our expon 
ments which ate given in the accompinyuig table and are plotted in 
the cuive, fig 1 


• 'Pbil Trans ' A vol 189 (1897), p 85 

t' Administraticto dw Ifomiairs H; Mddatlles-^Bapport au ICinistrt dss 
I'inaiioss,' 1889, p ^xvm 
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The initial ft^eing points of the gold copper alloys are easy to deter 
mine, but the subsidiary or eutectic points are very difficult to detect 
even if a sensitave autographic recorder is employed We have great 
confidence in our conclusion that the alloy containing about 82 per 
cent of gold and 18 of copper, mid not the one which contains 66 per 
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cent of gold, is really the eutectic. The reason, apart from micro¬ 
graphic evidence, is not only that the freezing point of the 82 per cent, 
gold alloy is lower than that of any other member of the series, but 
the autographic record reproduced in fig. 2 shows that the angles at A 

Fto. *. 



and B, where the solidification bc^ns and ends, are quite sharp, while 
the portion lietween A and B, which represents the actual solidification 
of the alloy, is horizontal Neither of these conditions are met with in 
the autographio records of the other alloys of the senes. Moreover, the 
fracture of the 82 per cent, alloy is oonohoulal, as m the case of a great 
number of other eutectics, owing to the extremely fine state of division 
of the coustitnenta, which makes these alloys appear to bo homo¬ 
geneous. The exact composition of the eutectic is, however, (hfficult to 
dotomiiiio 

A comparisou of the freezing-point curve of the gold-copper with 
that of silver-copper alloys shows that there arc striking similarities 
whoa the numlier of atoms in the alloys are taken as alwcissee. It was 
shown by Ijevol* as long ago as 1852 Unit the only homogouoous alloy 
of silver and copper corresponded in roniposition with the formula 
AggCuj, and Hoycock and Nevillet confiimod the anticipation of ono 
of U8,{ which was not verified at the time, that it would prove to be 
the eutectic of the seriob. In the gold-copper senes the alloy contain¬ 
ing 59'49 atoms of gold and 40*41 atoms of copper has a lower 
freezing point than any uthor alloy examined, although it is hardly to 
bo distingii shod from the alloys containing u little moie copper. The 
curve of fusibility of the series is much more rounded near this point 
than that of most binary alloys, and bears a superficial resemblance to 
that of two substances forming a continuous senes of mixed crystals, 
but micrographic study of the series conclnsively shows that it possesses 
a eutectic. 

• LstoI, ‘ Annale* de Cliim. et da Fhyivol 36 (1832), p. 163; toL 89 (1868), 

p. 168 . , 

t •FUl. lErans.,' A, v^ 189 (189?), p. 26. 

t Bobaits-Austw, 
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It hits been ihown by Osmond,* moreover, that silver and copper 
»re each capable of holding i small percentage of the other in sohd 
solution, but that if both metals ate present in considerable amounts, 
the two Bolidihed solutions exist side by side It is evident therefore 
that they form an mtomipted senes of “ mixed crystals, and that the 
substance first solidified in cooling % solution of one metal in the other 
IS not a pure metal, but an isomorphous mixture of the two metals 
containing only a small percentage of one of them This conclusion 
agrees well with the general shape of tlie curve of fusibility of the 
silver copper senes, and the still greater concavity of the curve of 
fusibility of the gold copper senes suggested that a similar condition 
of things IS hete met with, but that the gap m the senes of mixed 
cr}rata1s is much smaller and that the mutual solubility of these two 
metals is greater 

Microscopic examination of the alloys of gold and copper afiords 
evidence that this is really the case but appears to point to the con 
elusion that more ooppei can bo dissolved in gold than gold in coppei 
Alloys containing only a small {lerccntige of coppei consist of largo 
crystals similtr in shape to those seen m puie gold and showing no 
signs of cement 1x,tvecn them Ihoy differ from those of pure gold 
111 their colour which is t eddish or reddish brown, after treatment 
with nitiohydrochlonc acid When migmhed 1680 diimeters those 
crystals show a minutely gianulai structure which lesembles that of 
pure gold and affords no evidence of sep n itioii into two constituents 
Lven in standard gold contiining only 91 6 per cent of gold the 
structure is nearly the same md is not unlike thit of the ground 
mass of stand lid silver containing 92 6 pe cent and 7 5 per cent of 
copper prep irtd in i similar way On the other hand, the alloys con 
taming less gold than the eutectn show lystds of coppei set in a 
matrix which consists ippiroiitly of the cut.a.tic 

The following examples of photomicrographs of the senes are shown 
in Pluto 1 — 

Fig 1 Plato 1, reprosontb the ehai Msteiistic surface of i small ingot 
of standard gold The structun w is not de\ eloped by etching, and 
the magnification is only 4 6 diameters 

Fig 2 IS a polished b0( tion of stand inl gold etched by immersion 
for about 16 seconds in a boding mixtuie of equal parts of nitiic and 
hydiochlonc acid The magnification is is in the case of No 14 5 
diameters, and the structuie consists of sections cut in vaiious direc 
tions by a plane passing through the ciystals, of which the mass is 
composed Fig 3 is the eutectic of the gold copper senes, it contains 
80 per cent of gold and 20 pei cent of copper etched as m the case of 
tlie alloy shown m fig 2, the magnification i% however, 1680 duime* 

* BuU. ds U Soo d Enooumgement,’ 5th Senss, rql 2 (1887) p 887 



110 Sir W Boberts Austen and Dr T Kirke Roeo 

ters, which reioals the handed structure oharactenstic of a eutectic 
alloy 

Iig 4 is Btaiidaid g<jld etched as hefoie and magnified 1580 
diameters 

Fig 5 18 a section etched as bofoic of in alloy containing 27 per 
cent of gold and 71 pei cent of coppei In it the presence of tno 
distinct constituents can be seen The daiker poition iilmh has 
been readily att icked by the acid is copper and the lij,htci is mainly 
the eutectic Phis f ict is pi6vod 1 v fig (> which is i \cij high m igin 
fication (6300 dumeU-ts) of the lighter portion of fig 'i uid this on 
close cxamiintiun ilvliIs the picsenco of the laminate 1 oi binded 
cuteetic 

Aiirthci icscmblnice lietweon the senes of goldioppc ml silver 
copper all >s is to lo found in then relitive tensile sticngths In 
both ewes the eutectic allojs aie extremely buttle and luie a lower 
tenuity thin the othoi memlcis cf the scius In the c isc A gold 
one of us* li is shown that theteiiieiti of an unworkedcast 1 ii of pure 
gold 7 6 mm wide ind 5 2 mm thick is 7 tons por sqniie inch the 
meUl elongating 30 8 pei cent liefore rupture Both ten icity and 
oxtoiisihility are gieatly lucieased by the hist additions of copper the 
tenacity nsmg m the cise of standard gold which eoiitiins 8 3 pei 
cent of coppei to mute than twico that of pure gold Under similar 
conditions, however, we have found that the euteetie alloy of gold iiid 
copper has i tensile strength of oidy 7 87 tons por square inch with 
an elongation ot only 3 3 por cent It is in f ict alxmt is buttle ns 
pure gold alloyed with 0 24 per cent of le id which has an elongation 
of 4 9 pci cent Wo also determined the extensibility of the eiiteotie 
alloy of silver and coppei to be only 2 2 per cent and its tensile 
strength 29 1 tons per square inch Ihese are the hrst cases observed 
in wkch eutectic alloy s appeal to show less ten icity and extensibility 
than the other members of the senes to which they belong The 
eutectics of lead and tin of copper and tin, and of iron and carbon 
are in each c isc the strongest alloys of the senes, and arc not at all 
bnttle The eutectic of the copper zme senes is more extensible than 
any other member of its senes while its tenacity is considorahle The 
gold copper and silver copper alloys differ therefore from other alloys, 
which appeal to bo bnttle and of low tensile strength only if they 
have passed through a pasty stage in sobdifying, and possess two 
freezing pomts the lower of which is that of the eutectic 

It IS clear, from the results given above, that gold and copper cannot 
Whe expected to form a senes of alloys of uniform oonposition, but will 
dkow evidence of liquation similar to that exhibited by silver and 
oc^per, though m a less degree Much evidence on this point was 
ehtoined m ^e coarse of the preparation of the standard gold tml 
• Soberte Austen Phil TmiuA vol 179 (1888) p 889 
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plate, which contains 91 ‘6 per cent of gold and 8‘3 per cent, of copper. 
This alloy was cast into flat bars of various dimensions, and assays 
were made on pieces out fi-om all parts of the plates into which the bars 
were rolled, care being taken to adopt all the precautions described by 
one of us with a view to ensuring acciu-acy in the dotomnnations.* 
This enabled the limit of error to be reduced to 0 02 per 1000 on a 
mean of throe assays. In all, nine plates were pieputed before one of 
the necessary accuracy was obtained, >uid over 900 determinations of 
the proportion of gokl present in the assay pieces were made. It was 
found that in general there was a tendency for the outside of the 
ingots to be nrhur in gold th.ui the interior, but that this dietnbution 
a as hardly so regular, and w<ib not so pronounced as that observed in 
a contrary sense, in standanl silvei, in which case silver accumulates 
in thu lontro of the mass. 

It may be added that the diiTeronccs in composition of different 
parts of the gold bars, though small, are many times larger than the 
possible errors of assay. 

The plates were of v.ariou8 climonsions, and wore prepared from 
pure gold and eloctro<lcpositod copper, well stirred to ensure uniformity 
while in the molten condition, cast in iron moulds coated with carbon, 
and rolled out to a width of aliout 17 5 cm, a thickness of 1 mm., 
uud a length of from 1 to 1*25 metres, the weight lieing from 3 7 to 
4 6 kilos. Berios of discs were then cut out in parallel linos, one 
down the centre of the plate, and two others distant 1 cm. from the 
edges. In the cose of plate No. 1, intermediate senes of discs were cut 
half way between the contie line and the edges. The moons of all 
assays of each senes taken from three typical plates were as follows, 
each result giving the mean of from 21 to 27 ossajs :— 



Ao 1. 

No. 2. 

No. 8. 

Left side . .. 

Left mtenuediate.. . 

Olb 69 

0 G6 

916 GO 

917-08 

Centre hue. 

Bight intermediate. 

0-40 

0-«8 

616 -55 

916 71 


0 61 

916-68 

016-96 

Meoa of allsssajs.{ 

1 016-689 

916-698 

016 893 

Greatest difierenoes from mean (per lOOU i 

if+0-36 

+ 0-14 

+ 0-60 

parts) . 

Differenee between nobest and poorest parts 

1-0-30 

-0-18 

-0-40 

of the plate (per 1000 parts).1 

1 0-71 

0-27 

1-00 


In the case of standard silver plates of the same size prqiared in a 
•inifler way, the difference between the amounts of silver in the rioheet 
* Bom, * Ctum. Soo. Joan.,’ rei. 03 (1808), p. 704. 
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and poorest parts of the plate » usually from 1*0 to 3*0 parts per 
thousand, or three or four times as groat as that in the case of 
standard gold. The poorest part in the gold plate is, however, always 
in the centre and the richest part at the outside. 

The assays made on the “ get ” of the gold plates, the place on the 
top of the casting where shrinkage of the mass on solidifying is marked 
externally hy a depression, showed that this part was usually richer in 
gold than any other part of the plate. These assays are not included 
in the moans given above. 


Cowlugum. 

It will be evident fiom the results given aliove, that when a small 
proportion of copper is added to gold, the alloy sets as a whole, and 
fonns a solid solution. If small amounts of copper are successively 
added, the limit of solubility of that metal in gold is at length reached, 
and a eutectic separates, which forms the whole moss when about 82 
per cent, of gold and 18 per cent, of copper are present. 

Comparatively small additions of gold to copper saturate the latter, 
and the eutectic makes its appearance licforo the proportion of gold 
reaches 27 per cent. The composition of the eutectic corresponds 
approximately to 60 atoms of gold and 40 of copper, while the silver- 
copper eutectic also contains nearly 60- atoms of silver and 40 of 
copper. In other respects also, in the brittleness of the eutectic, in 
the limited mutual solubility of the two metals, and in the liquation 
which attends solidification, the gold<oppor and silver-copper series 
resemble each other closely The mam ilifiercnce is that copper 
appeals to 1>e more soluble in gold than in silver, so that the charac¬ 
teristics of the gold-copiier alloys are less marked, and consequently 
have Isjcii loss easy to detect. 


The Crystalline Structure of Metals." Second VaiKjr. By J. 
A Kwino, FR.S, I’rotessor of Mechanism and Applied 
Mechaiiies in the University of Cambridge, and Walteb 
Eoskviiain, B.A., St. John’s College, (’ambiidge, 1851 £xhi- 
hition Eesean’h Scholar, Melbourne University. Received 
May 17.—Read May 31,1900. 

(Abstract) 

The investigations described in this paper deal principally with the 
phenomena of annealing The first section of the paper describes 
«2periments made in the hope of observing undor the microscope the 
process of reorystalliwtion in strained iron. It is well known that 
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rearrangement of the crystalline structure of iron occurs \tlion the' 
metal is heated to redness, and it is believed that such changes are 
associated with the evolutions of heat which are indicated by “arrest 
points” during the cooling of iioii. Wo hoped that by keeping a 
polished and otchml siuf.icc of the stiaincd metal under nueioacopie 
olisenuition wlule the spceiinen was gtadiully ho,ited, w'o should sec a 
nioisi or loss siuhlen change in the crystalline pattciii at a UuniwiMture 
corresponding to one of the “ anest points " This attempt, hoaevor, 
to watch the process of leciysUllmtioii failed, although the exjieri- 
meiital dilKculties ot keeping a specimen luidcr microscopic oiiserva- 
tioii while it was iHuiig heated were siieecssfully ovoiconie The 
speeimoii was «leclric.dly heated m a vessel with a thin glass or mica 
window, and the niicroscopo-objective was kept cool by dnectuig 
strong blast of cold air on it and on the surface of the window. In 
one set of experiments the specimen was kept in an .itmosphere of pure 
hydrogen duimg the heating, but it was found to liccomo so much 
tarnished .is to oblitoiute the civstalline p.ittern. At a red hc.it, how¬ 
ever, the uniform luminouiibuif.ue of the 8|)eciincn was seen to develop 
a number of dark patches which, on slightly raising the temperature, 
sprowf over the entire field. No corrcs|K)iidmg change was visible 
during cooling, but the phenomenon would recur every time the sjicei- 
men was heated, provided it hiul been cooled lielow redness after the 
^irovions heating. 'I’his phenomenon was absent when the spccimoti 
was heated in a vacuum, and we lielicvo that it indicates a chemicat 
action between hydrogen and iitm, possibly correspoiidiiig to the 
hydrogen arrest point discovertsl by Sir W Rolierte Austen * 

In the next senes of experunonts the specimen was heated in a 
vacuum. On prolonged heating the spoeimen still became tarmsheilr 
but at first the ciystallino pattern remained visible up to a bright rod 
heat. No change m the pattern was olmorvod, but subsequent polishing 
and etching of the same surface showed that a real change of crystal¬ 
line structure had occurred. The original etched pattern on the sur¬ 
face had persisted after heating, simply lieoause the differences of level 
and surface texture on which it depended had in no way been disturbed 
by the reoryatallisation. Any crystalline pattern seen under the 
microscope, whether it be pr^uc^ by etching or relief polishing, 
consists either of coloured suHace deposits, or of steps, or pits, or other 
differences of level in the surface, and those difilerenoes of superficial 
texture, like meohaiiical scratches, are not affected by rearrangement 
of the crystalline elements. Coloured surface deposits would also 
imnaia unaffeoted. All attempts to observe the actual procees of 
TanystallisatioQ must therefore be unsuccessfuL 

next section of the paper deals with the changes of crystalline 
(trootore vrhieh go on in lead and other metals at comparatively low 
* Alloys BaMarek ComaittM Boport, ‘ Proo. Inst tfook. Bng.,’ 1S90. 
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temperatnres. Our attontion was directod to this by noticing that a 
piece of plumber’s sheet lead, when etched with dilute nitric acid, 
exhibits a strikingly crystalline structure, with large crystals. The 
character of this appearance led us to the view that a slow process of 
annealing or rocryatalhsation was at work in such lead at oniinary 
atmospheric temperatures, and wo have satisfied ourselves that this is 
the case. The method of investigation consisted in taking a series of 
micro>photographs, at low magnifications, of certain marked areas in the 
surface of a specimen, in onler to watch the change which went on 
through lapse of time, or after application of some thermal treatment. 
It was necessary, for the reasons given aliove, to re-etch the surface 
before each photograph was taken. 

We have observed that when a piece of cast lead is severely strained 
by compression, the originaily large crystals, after being considerably 
flattened, are driven into and through one anothor, so that the etched 
surface of a strained specimen presents a fine grain, whose crystalline 
nature only becomes apparent under cousiderable magnification (80 to 
100 diameters). A piece of load severely strained in this way, and 
kept for nearly six months in an ordinary room without any special 
thermal treatment, was found to bo undergoing continuous change 
during that time. A series of photographs of this specimoii, taken at 
intervals during the six months, show that a great number of the small 
crptols have grown larger at the expense of their neighbours. In 
similar specimens which have been kept at 200’ C., the growth has 
been much more rapid and more pronoimcecL The rate of growth 
is a function of time and temperature, hut some specimens show much 
more rapid changes than others under similar conditions of tempera¬ 
ture j in some cases five minutes’ exposure to a temperature of 200° C. 
is sufficient to alter the crystalline pattern completely. Experiments 
have also lieen made at 100° C. and 150° C,, leading to the general 
result that crystalline growth will occur at any temperature from that 
of an ordinary room, ».c., 15° C. or 20” C. up to the melting point of load, 
and that in general the higher the temperature the more rapid is the 
iiutial rate pf change. No numerical ^ta can be given, as the crystals 
are quite ir^gular, both in size and shape. So far ns our observations 
go, they load to the result that when such crystalluio growth has con¬ 
tinued for some time at a given temperature, the structure becomes 
more or less suible, so far os that temperature is concerned, but expo¬ 
sure to a highW temperature may cause further growth to occur. 

A oomparisch of micro-photographs of the same specimen at various 
stages reveals the fact that the growth of an individual crystal occurs, 
not in uniform layers all round it, but by the formation of arms and 
branches that invade the neighbouring crystals, the intervening 
portions sometime^ changing at a later stage. This action is analc^na 
to the formation of skeleton crystals in a metal during solidification 
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from the liquid state the space lieUeen the blanches filling in as 
Bohdific ition protcods 

A ranked feiture uliSLived m i>evu il speuraens \ias the luge and 
npid growth of one or two imbvilnd ciyatds in seacnil instances 
such mhviduals grow until they wcic borao hnndicds of times larger 
than thou nughhiurs Wo hue not I ecu alio ti dibcovei the deter 
mining cuiso of such growth noi in generil why oiio ei^stal should 
gi ow at tho expense of its neighboui (Tenetillj the most aggrossu e 
ciystils weio found nou thcidges of the speeiiucn It is noticeable 
thit it times 1 eiystal which has iheuiy giown coiisidoiably is 
swallowed up by a more powerful ncighl otu 

Some light is thiown on the natuio of these actions bv the fact that 
this growth onlj occurs in crystals that have been subjected to severe 
pi istic str iin By casting the metal in i chill mould spoeimons of 
lead cm le oUlined having i ciystalline stnietuio quite as minute 
as that found in a seveiely sti lined speiimon but this structure 
lemains unchanged at temporaturos which produce rapid change in a 
strained specimen 

Ihe investigation of the effects of such compaiativoly moderate 
temperatures was oxtenUel to othei metals vis tin zinc and 
cadmium In tin the v ariuus phonomen a of crystallisation from the 
fluid state aie strikingly illustrated on v large scale by the tbm layer 
of that metal which constitutes the surface of commercial tin plate 
Ihe effects of rapid and slow solidification in pioduciug small or large 
crystals respectively are well marked, and an examination of the 
etched surface of tui plate under the microscope reveals beautiful 
geometrical markings or pits whoso onontod facets produce tbo well 
known selective effect of oblique illumination The study of the 
crystalline structure affoids an explanation of the mature and method 
of production of patterns in moiiee metallique a process which 
has long been in use foi the deeui atiou of articles m luufactured of tin 
{date 

In tin, also, we find that the smallest stiiictiue obtauiahle by 
quenching the melted metal in water remains unchanged at all tem 
peratures iip to the melting point, on the other hand specimens 
whose crystalline stiuetuie has Iweii modified by groat plastic strain 
exhibit phenomena of roerystalluation at lower temperatures similar 
to those observed in lead In a piece of strained tin, an hour s expo 
sure to 160 C produced complete roerystalluation Exposure to 
lower temporaturos for this short time produced no vuiblo c^ge, but 
we have not investigated gradual time effects in this metal The 
behaviour of stramed zmo and cadmium is analogous to that of tm 
mid lead Exposure to 200’ C u sufficient to {sroduce rapid recrystal 
luatton in both zme and cadmium Thu u particularly marked in die 
case of Qrdmaty sheet zinc On etching oommercial sheet zinc, no 
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laigo CT^ Btals oro viBiblo In this state the metal is strong and toughs 
ttcnding quite nniscltsbly After exposure to 200 C for half m hour, 
It shows on etching u large brilliant stiiicturi, and the moUl is then 
wi ik and brittle, ind when lient, breaks along well niaiked cleivago 
pi ines and (mits i ‘ciy like tint of tin 

In c wlnniim tho Kci^stallisation !•> eonipit itivcly slon at 200° C , 
and i time cflect his 1 cen obsoned the letion is rithir ditteient from 
that ulisctied in le id In culmmiii the size to which the cnstds 
grow ippeiis to 1 k) much nn le iinitoini no iiius or briiuhes are 
thrown out ind no twin 1 iiuella ue found 

rhe find soetion of the pipei deals with in hypothesis which is 
advaneed is an attc nipt to e \pl iin the meeh inisni of the gi owrth of 
rivstilh in ippiicntly sihlinctil* keeoiding to this hipothcsis, the 
metdlic inipinitiis which uo piesent in a met d, pli) m imjiortint 
put in the action A\hcn t metd solnhfies horn the fluid stite the 
metdlie inipiiiities uUimitelj ci}stil1iso is i fdni of eiiteetie illoy in 
the inter eiy St dhiio juActions when tiul> liiQe cpiintiiies of suih 
eutectics ne piosent the micioscope leic lU then piesenceas ni inter 
cryst dime cement, such is th it foiincd hy peaihte in slowly cooled 
mild steel tciy minute qiuntities of eulcctir, huwctoi, will be 
invisible ind yet capable of foiming i thin him of fusible cement 
^^o eoneeiio thit the chingts of ciystdhne stiucturo which go on 
while the piece is iii the solid state aie lecomplisheil bv the igciicy of 
eutectic films between tho crystals ni dissolving motil fioin the sur 
faces of some crystals and depositing it on otheis When i metal is 
severely stnined those films of eutectic will lx, also strained and m 
many places liokeii thus illowiiig the letud crystals to come into 
contact with one mother The diifeionee in the rate of etching of 
adjacent crystals and the phenomena of the electrolytic transfer, in an 
aud solution, of lead fiom one crystal to another in tho same moss of 
metal, support the supposition that there is a difierence of eleetno 
potential hetwooii tho crystal faces which are brought into contact 
by severe strain If it be assumed that a him of eutectic alloy when 
flmcl, or even when in the pasty condition that precedes fusion, can act 
os iin electrolyte, we m ly regard any two crystals thus in contact, with 
a film of eutectic interposed m plocM, as a very low resistance circuit, 
and the growth of the positive crystal at the expense of the n^ative 
would result Moreover, such growth would be more rapid at 
higher temperatures, and its rate at a given temperature would vary 
in different specimens according to the nature and quantity of the 
impurities present That an alloy can act as an electrolyte has not 
bew established experimentally, but the assumption is supported by 
the close general analogy between alloys and salt solutions This 
analogy extends to the very question irf the growth of crystals, as 
* It u proper to wy that thu bypathMi* M do* to ICr Boeenhaiu—J A B 
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Joly has shown that when crystala of a salt are inunersed in their 
mother-liquor, growth of one at the expense of others will take place. 

It should be added that solution of one crystal into the intervening 
film of eutectic, along with deposit on the neighbouring crystal from 
the eutectic, may occur as a consequence of differences of orientation, 
producing differences of “ solution pressure ” apart from actual 
electrolysis, hut the fact that growth has not been observed to 
occur except in strained crystals favours the view that the action is 
electrolytic. 

Some further results which have been deduced from the above 
h}rpothesi8 have been verified by experiment. It follows from the 
hypothesis that an mtcr-crj'stalline boundary containing no eutectic 
would be an impassable barrier to crystalline growth, but if the eutectic 
could in any way lie supplied, growth across the boundary might take 
place. In an absolutely pure specimen of lead, there' would be no 
eutectic at the intorcrystalline junctions, but as extremely minute 
traces of impunty would suffice to sot up the action, it is almost hope¬ 
less to verify the hypothesis in this way Some expeiimeuts on the 
cold welding of lead have, however, borne out our conclusions. Two 
clean, freshly scraped lead surfaces will unite under great pressure in 
the cold state, and if a piece so welded be annealed, we find that the 
crystalbne growth due to the annealing, with very rare exceptions, 
never crosses the inteivcrystaliine boundary formed by the welding 
surface. To test whether the presence of some eutectic would allow 
growth to take place, we have scattered small quantities of a more 
fusible metal over the freshly scraped surfaces of lead before squeeidiig 
them together. Then, after a cold weld had been made by pressure, 
on annealing by exposure to 200* C. it was found that crystal growths 
frequently crossed the line of the weld, as the above theory led us to 
expect. This experiment has been repeated many times with the 
uniform result that whenever a small quantity of eutectic, or of an 
impurity capable of forming a eutectic with the lead, was scattered 
over the clean surfaces before welding, a distinct growth of crystals 
across the boundary took place as a residt of annealing. On the other 
hand, a large number of welds were made without introducing any 
imparity, and with very rare exceptions they showed no growth across 
the boundary, even after the annwling process was continued for some 
weeks. In rare exceptions a minute amount of growth across the 
boundary was observed, but these may faitly be accounted for 1^ the 
almost unavoidable presence of traces of impurity. The result as a 
whole goes far to confirm this solution theory of crystalline growth in 
annealing. 


tOL. tXVli. 
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“ On the Estimation of the Luminosity of Coloured Surfaces used 
for Colour Discs.” By Sir WiLUAM PE W. Abney, K.C.B., 
F.R.S. Eeceived May 5,—Read May :’l, 1900. 

Wbon a source of light is small, such as the points of an arc light, a 
candle, or lamp, it is comparatively easy to find the luminosity of any 
coloured surface which is illuminated by it, using the method which has 
been described m “ Colour l‘hotomotry. Part 11”;* but when the source 
of light is a large suiface, such os the sicy, the method therein described 
is much more difficult to apjily. (juito recently, when examining the 
question of providing smtablo screens for produemg the negatives 
required for three-colour photographic prints, it became necessary to 
devise a plan by which rings of diflerent colours could be made of equal 
luminosity in ordinary daylight by rotating thorn with the proper 
proportions of black. The rings were concentric and rotated as a disc, 



8 ii ths not of the spindle. 

K Is ■ riolet disc (methyl violet). 

i> is s portion of t blno ring (French nltrSLmarlne). 

U „ ,1 red ring (vermiliou). 

O „ „ green ring (ememld green). 

I* „ „ yellow ring (ohrome yellow). 

W „ „ white ring. 

see fig. 1, and the difficulty encountered was to ascertam what amount 
of black ought to form part of each ring. 

In “ Colour Photometry, Part it was shown that only one ray 

• Almey and Pesttng,' Phil. Trsni.,’ A, 1888. 
t Abney end Vesting, * PhU. Trans.,’ K, 1898. 
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of the spectrum a greenish yellow, progressed in luminosity at the 
same late is white light Thus if part of a white scieen were 
illuminate 1 by this colour and another put by white light and the 
luminoBitios woro eiual (say) to one candle then if the two beams 
were equally diminished they would still mitch in luminosity until the 
light was so fool le that it ceased to stimulate the letina Other rays 
lying not f ir f om this ray, both on the red and grcLii si lo of it give 
practic illy the same results When however the red w is compaieil 
with the white each being male equal (say) to one cu He equal 
diminution of the beams did not show the luminosities as the same 
the led becoming lapidly less lummous than the white With the 
blue gi eon the blue an I the iiolet the reverse was the case the 
white becoming darker than the coloni as the beams were equally 
dinunished 

A more extended roseaich which is nearly complete shows that the 
observations recorded m Part III of Coloui Photometry are correct 
and can be applied to the problem which I wished to solve 

Further it was shown m the same paper that colour disappeared 
from all ra 3 r 8 of the spectrum long before (except m the case of the 
pure red) their light was extinguished this lost owing to the feeble 
stimulation of the retina Naturally, as the colour began to disappear, 
the matching of the luminosity of the ray under consideration with 
that of white became easier to carry out 

These facts made it possible to devise a ready method to ascertain 
the luminosity of any colour If we take two yellow discs, one (say) 
8 inches m diameter and the other 4 mches and between them sand 
wioh a pair of interlaced black and white discs of 6 inches diameter, 
and rotito the four discs on a rotating machme at a speed whioh will 
make the black and white into a grey without scmtillation, this 
grey can be made, by altering the proportion of black to white to 
match tho luminosity of the yellow A very exact match can be 
obtained by observing the duos through a black transparent medium, 
such as the block obtained on a photographic plate after development 
with methol or amidol developers The deposit may be so dense that 
the yellow colour may practically disappear and the two dull greys 
may then be readily matched The luminosity of the yellow in terms 
of the white u given by the angle which the white subtends when the 
small proportion of white reflected from the black annulus u added 
to It 

The same procedure may bo adopted for a green colour and its 
luminosity be obtained It may be stated that four or five observa 
tlons for each colour should be made if great exactness u reqmred 

When the luminosities of these two odours have boon detemuned, 
4 inch discs of them may be interlaced with a blue, and a grey formed, 
which can be matched with a grey formed of Uaok and white as before 
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7T ate yallow duof. 

u a black duo 
JT white due. 

S II the nut of the ipindle. 


From tbo angles which the sectors of the colours snhtend and of the 
black and white employed, the huninosity of the blue can bo calcu¬ 
lated. The luminosity of the blue being ascertainod, a red disc may 
be interlaced with tho groon and the blue disc, and that of the red 
calculated. As a check a black and yellow disc may be interlaced and 
compared with tho colour given with tho rod and green discs inter¬ 
laced, one of tho pairs of course being of greater diameter than the 
other. 

To ascertain what degree of accuracy could be attained the fol¬ 
lowing experiment is given in detail. The Ught used was the arc light, 
and tho measurements as describerl above made. 

It was found that the black reflected 3'33 per cent, of white 
light, and that when the luminosity of the yellow was matched the 
interlaced black and white iliscs occupied 82* and 278° respectively of 
the compound disc. This gave the yellow a luminosity of 78, white 
being 100. In a similar way tho luminosity of emer^d green was 
found to be 43. These two discs were interlaced with a dark blue disc 
and a grey formed which matched a grey formed by black and white. 
The following equation was obtained:— 

Tallow. Oreea. Blue. 'Whita. Black. White, 

118 + 71 -b 171 - 122 -b 288 - 130 
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Trilow 

The lumiuonty of 118 ° 
71 - 


25 6 

86 


White 

130 - of 100 = 36 1 
360 


Blue 

The luminosity of 171 u therefore lepresented by 
36 1-(25 6 + 86) - 2 

The luminosity of the blue pigment is therefore 


42 


The luminosities of the thice pigments were then compared with 
white by the method dtscnbed m Part II of ‘ Colour Photometry,” 
and found to be 

YcUow 77 7 

Green 43 1 

Blue 4 1 


The lummosity of the blue only difibis by that found by the new 
plan by 0 1, which is a very close approximation 

The red duo was then interlaced with the blue and the green, and a 
grey formed as before, and from calculation it was found that it had a 
lummosity of 32 6 Measuring it by the old plan, the luminosity 
came out as 32 7 

Having obtained the lummosity of the three standard colours, that 
of any other colour can bo calculated by substituting for one of them 
a disc of such colour and again making a grey and matching it with 
a grey formed by the black and white It will be noticed that thu 
method can be earned out m any bght, whether candle light, electnc 
light, or day light , but of course the lummosities of the colours will 
vary accor^ng to the quality and kind of light employed 
When the lummosities of the colours are detennmed, the angles 
which the segments of the annuluses m fig 1 should subtend can be 
calculated after takmg mto account the luminosity of the black mn 
{doyed 

When the disc is rotated round S, each colour should be equally 
Ihmmous, and if by means of an appropriate screen, placed m fnmt M 
the lens, the image of the duo impresses the photograiduc plate in such 
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o make the density of each part of the negative the same 
on development, then all ohjecta photographed with such a screen 
interposed on similar plates will he rendered in proper gradations of 
light and shade regardless of their colour or colours. 


“ The Diffusion of Ions pioduced in Air by the Action of a Iladio- 
active Sulmtance, Ultra-violet Light, and Point Di-scliarges." 
By John S. Towksicnd. M.A, Clerk Maxwell Student, 
Cavendish Laboratory, Fellow of Trinity College, Cambridge. 
Gominmiieated by Professor J. J. Thomson, F.K S. Eecuived 
May 17,—Bead June 14,1900. 

(Abstract) 

The researches described in this paper form a continuation of those 
puhlishud on the Diffusion of Ions into Gases.* The latter paper 
gives the results of experiments made with ions produced in air, 
oxygon, hydrogen, and carlmmc acid by the action of Kuntgen rays. 
The gases m those exponraonts were at atmospheric pressure. 

The present paper contains similar investigations for ions produced 
in air at various pressures by the action of a radio-active substance, 
and also doterrainations of the rote of ih'ffusion of ions produced in 
air at atmosphenc proasuro by the action of ultra-violet light and 
point discharges. 

The principle of the method consists in calculating the coefficient of 
diif\uion from observations on the loss of conductivity of a gas as it 
passes along metal tubing. The experiments were arranged so that in 
all cases the loss of conductivity due to diffusion should be much 
greater than the loss due to other causes, so that it was not necessary 
to apply any corrections for losses arising from recombination or from 
the mutual repulsion of the ions. 

The results of the experiments are given in the following tables. 
Tables I, II, III, and IV give tiio coefficients of diffiision, K, of poedtiTe 
and negative ions in dry and moist air at various pressures, P, the 
ionization being product by the action of a radio-acUve substance. 
The temperature of the air during each experiment is given in the 
column 6. 

These tables show that in each case the rate of diffusion of ions into 
a gas is inversely proportional to the pressure of the gas. 

The coefficients of diffusion at 772 mm. show a discrepancy from 
this law, which is somewhat greater than the probable error of the 
experiments, but wo sho^d not expect a closer agreement lietween the 
pr^ucts P X K unless Vho temperature of the air was the same in. 

• ' Phil, A, toL m, pp. U9-M8. 
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Table L—Positive Ions in Table IL—Negative Ions in 

Dry Air. Dry Air. 




The Tslnea of F are expreieed in imllnnetrei of meroniy. 


each case. It will be noticed that the experiments at 772 mm. were 
made when the temperature of the air was higher than the tempera¬ 
tures during the other expenments. 

The negative ions which are produced when ultra-violet light falls on 
a sine plate diffuse into air at nearly the same rate os the negative 
ions pi^uced by a radio-active substance. The values of the co* 
efficients of diffusion for dry and moist air are 0'0436 and 0*0376 
respectively, the pressure being 760 mm. and temperature 17* C. in 
each case. 

The rates of diffusion of ions produced by a point disoharge were 
found to vary considerably. The discharges were usually produced 
from a steel needle or platinum wire pointing along the axis of a metal 
tube. It was found that when the point was at the open end of the 
tube the ions which were produced difilised more rapidly than those 
givoi off when the needle, or wire, was drawn back into the tube, so 
that the point should be a few centimetres from the open end. The 
diffbtenoee obtained in this way were greater wheb the air was dry 
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than when it waa saturated with moiature. The following are the 
limits between which the coefficients of diffusion of ions, pr^uced by 
point discharges, were found to vary:— 


Positive ions in dry air . 0'0247—00216 

Negative ions in dry air. 0037 —0 032 

Positive ions in moist air . 0028 —0027 

Negative ions in moist air ... 0039 —0037 


“ Static Diffusion of Gases and Liquids in Kelation to the Assimi¬ 
lation of Carbon and Translocation in Plants."* By HoBACE 
T. Brown, F.RS., LLD., and F. Escomue:, KSc., F.LS. Re¬ 
ceived May 31,—^Road June 14,1900. 

(Abatraot.) 

This paper is intended to be the first of a series descriptive of the 
work earned out by the authors in the Jodrell laboratory on the 
fixation of carbon by green plants, and deals mainly with the purely 
physical processes by which atmiwphoric carbon dioxide gains access to 
the active centres of assimUation. 

The new evidence which F. F. Blackman brought forward in 1895 
in favoiu* of the gaseous exchanges of leaves taking place exclusively 
through the stomatie openings, presents at first sight certain difficul¬ 
ties of a physical nature, which have led to an examination of the 
whole question of the free diffusion of carbon dioxide at very low 
tension, and under a set of conditions very different from those under 
which the previous dotorminations of the coefficient of diffindon of 
carbon dioxide and air have been made by Loschmidt and others, 
where the gases were initially of equal tension, and the ratios of 
mixture departed widely from those of ordinary atmoepherio air. The 
inquiry has led to the duoovery of some new facts connected with the 
static diffusion of gases and liquids, which are of considerable interest, 
not only from the physical point of view, but from the exjfianationB 
they suggest of certain naturid processes which are primarily dependent 
on diffhsivity. 

The method employed in the first instance for the determination of 
the diflhsivity of atmospheric carbon dioxide was one of staiu diffiuim 
down a column of air of a definite length, towards an absorptive 
surface at the bottom of the column. When a static condition has 
been established, there is a steady flux of the carbon dioxide down the 

* Tbs title of tbs ipsper m eominaiuoated to the Society was '* Some Ifew 
ObsemtuHU on the Sti^ Diff^dea of Gstee and liquide, sad their W gnilfleMtw* 
bt osrtsin Natorsl Prooeieee oeopitlBg ia Plaats." 
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air oolunm which may be quantitatively investigated by the same 
simple mathematioal treatment as the “ flow ” of heat in a bar when 
the permanent state has been reached, or the “ flow ” of electricity 
between any two regions of a conductor maintained at a constant 
diflerenoe of potential 

By a long senes of expenments of this nature it was found that the 
diffhsmty constant, L, for very dilute CO does not materially depart 
from the value assigned to it by Losohmidt and others, when expen 
mentmg with much higher latios of mixture, and that the difference is 
certainly not of sufldcient magnitude to lie taken into senous account 
in the study of the natural processes of gaseous exchange in the 
assimilattng organs of plants 

In the static diflusion of a gas, vapour, or solute, as the ease may 
be, the amoimt of substance diffusing in a given time, all other condi 
tions being the same, is directly propoitiunal to the sectional area of 
the column It is found, howevei, that if the flow is partially 
obstructed by interposing at any pomt in the line of flow a thin 
septum pierced with a circular apeituro, the late of flow across umt 
area of the aperture is greater than it would be across an equal area of 
the unobstructed cross section of the column at this pomt If the 
maigm around the aperture has a width of at least thiee or four tunes 
Its diameter, the rate of flow is now found to be directly proportional 
to the linear dunennoM of the aperture and not to its area, so that the 
velocity of flow through unit area vanes inversely as the diametor 

A large number of oxpenmonta on the difliuion of cat bon dioxide, 
water vapour, and sodium chlonde in solution, are given in support of 
this proposition All these show that the rate of diffusion across such 
a septum, all other conditions being the same, is directly proportional 
to the diametor of the aperture, and not, os might have been expected, 
to Its area 

Exactly the same result is obtained when small circular discs of an 
absorbent, such as a solution of caustic alkali, ore surrounded by a 
wide nm and exposed to pcr/nfly still air, the amount of carbon 
dioxide absorbed under these conditions being proportional to the 
isomdm of the dues 

If, however, there are any sensible air currents the absorption 
becomes proportional to the areas 

These two sets of phenomena may be explamed as follows — 

In the cose of the absorbmg disc m perfectly still au, the oon- 
ve^jcnt stieams of carbon dioxide creep through the air towards the 
absorbmg disc, estabhshmg a steady gradient of density, and thu 
enep will be a flux perpendicular to the Imes of equal density, which 
form ourved surfaces or “ shells ’’ surroundmg 4ie duo and terminating 
m the run. The state of things u exactly analogous to the eleotnc 
field in the neighbourhood of a conductor of the aame shape and 
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dimensions as the absoibent disc * In the case of the gas, the cnrvee 
or “ shells ” of equal density are the inalogues of the similarly curved 
surfaces of equipotential above the electrified disc, whilst the con- 
Aerging hues of creep or fliiv of the gts are the analogues of the lines 
or tubes of force which bond round into the disc as they approach it 

If we consider two such absorbent dices of different diameters, the 
(urvod surf ices in each sj stem eurresponding to a given density will 
be found at aetud distances from the discs which are in the sime pro¬ 
portion to each other as tro tho diameters of the discs In other 
words, tho gridient of density on which the rate of flow depends will 
be proportional to the diameters of the discs, which is ox ictly what is 
found experimentally 

This case of an absorbent <lisc is tho exact converse of one which has 
been theoietieally in^ostigited by Stefan, vir , the conditions of ovapo 
ration of a liquid from a circid ir surf ire He found that the lines of 
flux of the vapour proceeding from the surf leo of the liquid must be 
hyperbolas, whilst the curved siufaces of equal pressure of tho vapour 
must form an orthogonal system of ellipsoids, having their foci, like 
the hyperbolas, in the bounding edges of tho disc This was a purely 
mathematical deduction which has never boon veiified experimentally, 
but it will be seen that the exactly converse phenomena of diffusion 
are in complete agrooment with it 

In the other case of a diflVisive flow through a circular aperture in a 
duphragm, the lines of flow, which are fmeigtiU as they approach the 
aperture, bend round then foci situated in tho edges of the disc and 
form a divergent system on tho other side If the chamber into which 
they pass is a perfectly absorbent one, and is sufliciently large, there 
will be formed on the inner side of the diaphragm a systom of density 
shells similar to those outside, but with the gr^ient of density centn- 
fugally instead of eentnpotally arranged This system of shells is 
termed negative, and is as effective as the outer positive system in 
regulating the flow according to the *' diameter law, * so that this law 
will still hold good ev^n if the outer air currents are sufficient to sweep 
away the external positive shells altogether 

All tho known facts of diffusion thiough iiroular apertures in a 
diaphragm are in complete aceord with the above explanation, which 
18 Mly elaborated in tho original paper 

By diffusing colouring matter through apertures in a septum, under 
such conditions as to prevent convection currents, the “ density sheHs 
have been rendered visible, and it has been shown that their ellipsoidal 
form 18 exactly that which is demanded by the above hypothesis 
Moreover, this method gives an exponmmital demonstiation of the 
more rapid projection of the diffusing particles from the e^;e8 of the 

* The sutbon »n mdebted to Dr Lsnnor tor thu luggettion of tha elactroitstie 
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aperture than from a point nearer its centre, a fact completely in 
harmony with the deduction of btofan regarding the evapoi ition of 
liqmds under analogous conditions 

Ihe various cases which present themselves in practice with regard 
to the rate of diflusiou through single apertuies iii a dia])hia^m ire 
then discussed from the alioie point of view and simple foimulsc for 
tho dotcrmiiutioii of ibis latc foi single and double 8>stems of <len8ity 
shells are established (l)for coses where the thickness of the dia 
phragm is ncgbgil lo ind (2) for other eases where the iperturea 
liecome more or leas tubular In i sutisequent section of tho }iuper it 
18 shown how closely tho ol served faete eoiifurm to these iloductions, 
and that in static diffusion through Hportims in a septum we have e 
new and acciuate method foi the deteimination of the diffusivity 
constants of atmospheiic COi of tho vapouis of liquids, and of sub 
stances in a state of solution 

Since the velocity of the diflusive flow through unit area of an 
apeiture m a diaphiagm vanes inveisely with the diameter, it might 
reasonably be expected that a diiphi »gm could be so perfoi tted with a 
senes of very small holes trianged at suital le distances from each othei, 
as to exercise little oi no sensible olistiuction when it was interposed in 
a Ime of diffusive flow, although the aggiegate area of the small holes 
might represent only a small fraction of tho told aiea of tho septum 
Multiperforate diaphragms of this kind were found to possess all the 
remarkable properties which had boon antiupited 

The matenal used for the septa was aery thin celluloid, which was 
perforated at regular intervals with holes of about 0 18 mm in diameter 
Details of a numbei of experiments with such ihaphragms are given, 
in which It 18 showm that they may bo so ai ranged os to produce but 
little obstructive influence on the diffusive flow of a gas when the 
total area of the apertures amounts only to about 10 pei cent of the 
area of the septum and that nearly 40 per cent of the full diffusive 
flow may be mamtained when the number of tho apertures is so far 
reduced as to lepresent an area of only 1 20 per cent of the full area 
of the septum 

The explanation is to be found in tho loul intensification of the 
gradient of density in the immediate neighbourhood of the diaphragm, 
and which does not extend to tho column away from tho iperturea 
This disturbance of gradient is brought about by the rapid convergence 
of the lines of flux, and their divergence on the other side, with tho 
consequent foimation of a system of ‘ density shells oaer each 
aperture A system of perforations of this kind may be compared with 
e system of conductors electnfied to a common potential, the density of 
the diffusing substance above the apertures corresponding to electric 
potential, and the non absorbing portions of the diaphragm to a surface 
formed by Imes of electno force Just as the electric capacity of a 
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plat« u not much reduced by cutting moet of it away, so aleo u it 
pouiblo to block out a large portion of the erou-aection of the diffbauig 
column without matenally altering the general static conditions on 
which the flow depends 

The importance of these results in relation to diffusion through 
porous septa is next considered, diffusion through a thin porous 
septum being only in extreme case of free difihsion through a multi 
prorate diaphragm, whose apertures are so far reduced m sue as to 
matenally interfere with the mass movement of the diffusing substance 

A section of the paper is devoted to the application of those new 
observations to the processes of gaseous and liquid diffusion in hvmg 
plants, and it is pointed out that the structure of a t 3 rpical herbaceous 
leaf illustrates in a striking manner all the physical properties of a 
multiporfoia^te septum Regarded from this point of view it is shown 
that the atom itic openings and their adjuncts constitute even a more 
perfect pece of mechanism than is required for the supply of carbon 
dioxide for the physiological needs of the plant, and instead of ex 
pressing surprise at the comparatively large amount of the gas which 
an assimilating leaf can take in from the air, we must in future rather 
wonder that the intake is not greater than it actually is 

From data afibided by actual measurements of the various parts of 
the stomatal ipparatus of the sunflower it is shown that an extremely 
small difference of tension of the carbon dioxide within the leaf, as 
compared with that in the outer air, will produce a gradient sufficient 
to account for the olwervcd intake during the most active assimilation 

It 18 also shown that the large amounts of water vapour which pass 
out of the leaf by transpuation arc well within the limits of diffusion, 
and that it is unnecessary to assume anythmg like m'lss movement in 
the oiitcoming vapour 

The translocation of solid matenal from coll to cell ui the bving 
plant IS next considered, especially with reference to this transference, 
being, at any rate in part, brought about by means of the minute 
openings in the coll walls through which the connectmg threads of 
protoplasm pass ^otwlth8tandmg the veiy small relative sectional 
area of these perforations, they prolwbly exercise an important function 
in cell to cell diffusion, in virtue of their properties as multiperforate 
septa 

Theie are two appendices to the paper, one m which a full deeonp> 
tion IS given of a senes of experiments on the absorption of carbon 
dioxide by solutions of caustic alkah from air in movement, the 
second being devoted to a detailed descnption of the methods us^ for 
accurately determuung the carbon dioxide absorbed 
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The Eleotncal Effecta of Light upon Greon Loaves (Prelimi¬ 
nary Communication) By Au( usrus D Wax IKK MD, 
FRS EeceivedJune b—EeadJune 14 1900 

In connection with an investigation of electrical effects of bght 
upon the retina,* I hive oxsmmod vegetable protoplasm (green leaves) 
with reference to electrical effects that might he evpoctod to occur in 
connection with the chemical changes produced by light 
Under certain favourable conations that I hope to doteimino 
further, a true electncal response to light is obtained, consisting in 
the establishment of a potential difference between illuminated and 
non illuminated half of a leaf imoimting to 0 02 volt 
Among ordmary garden leaves, I have found to be well a lapted to 
demonstration those of young Ins plants aliout 6 inches high, and of 
“ ten week btocks in active growth The former, tested by Sachs' 
method, exhibited no evidence of stuch actnity in consequence of 
insolation, the latter m favour tble mat incas exhibited marked deposit 
hmited to illuminated paits Leaves of Tropseolum of Begonia, and 
of Nicotiana have also proved to be smtablo objects of study 
Most of the following description rofeis to young Ins loaves in tho 
first half of the month of May 
Tho method of observation is as follows — 



Fio 1 —Kormal Beiponss to I ight Ins I sf Prunarjr negstive ’ efleot 
during illumination 

A freshly cut hut otherwise uninjured leaf is laid upon a glass plate 
and oonneoted with a recording galvanometer by means of two unpolans 
ablet electrodes A and B One half of the leaf is shaded by a piece 

• * Proo Eoy Soo,’ March 891 and Phil Trans B 1900 (in tho press) 
t Bu BouBajanonds elootrodes of the usual t^ not I) Arsonvals which 
srs rendorad olaotromotiTe by light ItlununaUoo of a ohlonds of silror eleotrodo 
by a ‘18 0 P ” lamp at 10 cm distasos gave a reaction amounhng to between 
0008 end OKXM volt A nne electrode under sinular oonditione gave a reaotion 
of about O^XXll volt, in which, howoTor I did not attempt to dutinguish separato 
efleete ol light and heat 
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of black paper Leaf and electrodes are enclosed in a box, provided 
with a shuttered aperture, through which light can be directed A 
water trough in the path of light serves to cut out more or less heat 
A glass ] it inverte 1 ovti the loaf and oloctrodcs forms a moist chamber 
to delay dryuig During illumination the galvanometer spot is 
dodected so as to indicite current in the lesi itself from excited 
part to protected pait, tc if B is shaded, light falling upon A 
arouses current in the leaf from A to B, if A is shaded, hght 
falling upon B arouses current from B to A 

1 The deflection begins and ends sharply with the boginnmg and 
end of illumin ition 

2 It IS provoked slightly by diffuse daylight, more considerably by 
an uloctncil trt light, and in gteatost degree by blight sunlight 

3 It IS abolished by boding the leaf and by the iction of aiuesthetics 

These are the main facta proving that the livmg leaf responds 

electrically to the stimulus of light 

At this preliminary stage two points of doubt occur to mind and 
require to be tested, vis, possible effects of heat and of surface 
evaporation that neceasanly accompany illumination 

These effects are small in companson with the true response, and of 
opposite sign Illumination of a dead leaf gives little or no effect, 
and what httlc effect there is, is directed m the leal towards the 
illuminated half, where heating and evaporation are provoked 

The true response to light varies with varying physiological states 
of the leaf and of its parent plant 

Not every leaf gives response, nor is the response of equal magm 
tude in different leaves to luminous stunulation (are hght) of eon 
stant intensity and duration 

The external condition by which the state of leaf is most obviously 
governed is irmfenAwre 

My first experiments were made upon Ins leaves taken almost at 
random from young plants (old roots) about 6 inches high at the end 
of M ireh (temperature not noted, but presumably below 16*) The 
response to hght was between 0 001 and 0 003 volt 

The next set of experiments commenced on May 8th on young 
leaves of similar plants 

The responses then observed were 


Warm | 

Cold, r 

10- I 


May 8 
„ 10 
» 11 
I. 12 

„ 13 


0006 

0 008, 0 026 
0 006 
ml 
ml 
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I thereafter took note of the external temperature and tested the 
leaves in a warm liox with sitisfictory results 

A few days later (May 2l8t) Ins leaves even m the warm box wore 
notibly inert Iwo leaves wore tested with negative lesults a third 
leaf gave a response of 0 008 volt but its lesistanto was obstin itely high 
(nearly i megohms) ■» fomth leaf give a response of 0 004 solt (plates 
1770 and 1771) On May 21rd I was unable to hnd a satisfactory 
loaf most of the plants were fully grown and in flower I thin fore 
abandoned Iiis and sought for other satisfactory leaves, in which it 
might be possible to obtain evident differences of reaction in correla 
tion with evident differences of state 
To sum up the effect of temperature upon the response of liis—the 
normal response at 16 to 20 is diminished or abolished at low 
tomporatme (10 ) uigmented it high temperature (30'), diminished 
at higher temperature (60 ), and abolished by boiling 




Via 3 —FailuK of rMponsa u an inert leaf of Ini 


Time of dag —Leaves of Ins appear to give more marked response 
at or about iiud>day, than at or about 6 F v 
Young leaves of young plants act well Old leaves of old plants do 
not act at all The older leaves of young plants act better than the 
younger leaves of old plants. 
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Other pbmti —^Leaves of Tropieolum and of Mathiola, aa far ai I have 
yet seen, give a response to light* that u m the mam the contrary of 
the ordinary Ins response, viz, “ positive ” during illumination, and 
subsequently “ negative ”* 

L. L, I, L, I, 
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yiQ 4—SmM of Normal Beiponseiof Msthiola anmts (' potitns * during lUu 
nunation, aubaequently negative ) (1793) 

Leaves of Niootiana reacted like Ins 

Leaves of Begonia have given a vancty of responses strongly sug 
gestive of the simultaneous action of tao opposed forces effecting a 
resultant deflection in a + or - direction 

As regdids Mathiola and Tropieolum, leaves empty of starch have 
acted better than loaves laden with starch 

Loaves of Ulva gav o no distinct response (only one senes of tnals) 

Leaves of ordinary garden shrubs and trees, dc (i g, Lilac, Pear, 
Almond, Mulberry, Vine, Ivy), and petals of flowers, gave no distinot 
response 

AtueitMtes —I was able to make only three satisfactoiy expen- 
ments with Ins leaves, before the supply of available material had 
come to an end t 

The first was made upon a vigorous young leaf on May 16th, the test 
(five minutes’ illumination) being made at intervals of rather more 
than half an hour, with the followmg result — 


* “ Negative ” ai the term is employed in phynological literatnre, i«, negative 
pole of positive element (* nncative ) 

t IfoU adJfd Julg 16M —I have made further trial of anKethetioi during the 
pait month upon leavee of Begonia Tlie effect wae perfectly elear, hut elow—vu, 
temporaiy abolmon of reiponee by ether vapour, pemanent abolitiim by ohloio* 
form vapour, augmentation by bide OOt temporary tupprteeion by “ maiA ” 
CO| I thiidi It poenble that the refractoiy behaviour of the Ine leaf menUoned 
m the text may have been due to a primary effect of the ancetbetw upon stosiatal 
guaidoellc (Fufe‘Proc Phyuel SocJuneBO) 
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Response before CO 

during »nd lifter CO 
bubeequently 
during and after CO 
aul«oquently 


- 0 008 volt 
= nil 

- oon „ 

- ml 

- 0 010 „ 
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The second cvpeiimoiit was made upon a rathei “old” leaf on 
May 21st, the test lioing applied it iiitet\ ils of iO minutes, and the 
leaf chambor being it 25 


1 Noimal losiionse 0 004 to 0 005 

2 After chloroform - 0 001, 0 002, 0 005 

3 After moie chloiofoim 0 005,0 008 

4 After carbon rboxide 0 002, ml, 0 001, 0 012, 0 003 


Upon other leaves (Mathiola, 'liopnolum) 1 have witnessed— 

1 Augmentation of losponse in conseiiuence of an an supply con 
tuning 1 to 3 per 100 of COi 

2 Prompt iliolition of response when a full stream of CO is run 
thiough the lo if chamber 

3 Qiadual abolition of response when the iir supply to the leif 
chamber has been kept cloai of CO , followed by giadiiul recovery on 
the readmission of a small amount of CO 

The action of ether upon a leif of \i jfuni i J iluium was as 
follows — 

Time 0 >iOimal 0 0016 


IS nuns 

W „ 
46 „ 

60 „ 
90 „ 

150 „ 


Ethoiisatioii 


{ 0 0016 
0 0004 
-0 0008 
0 0008 
0 0016 
0 0020 


each period of illumination lasting foi 2 miuutes 


Nuluu of the NoinuU JietjwHse (/rw Lant'^) 

Xhietium —ihe accidental or “normal” loaf cuirents obeeised 
when the electrodes are flist applied to a leaf are of no significance, as 
r^iards the response to bght Such “ normal ” current may lie duo to 
accidental injuiy oi to physiologieal inequality or to unequal imbibi 
tion of contacts, and necessarily includes the small amount of current 
that may arise fiom the impolansable electrodes It may be positive 
n^attive, or non-existent 

The regular and normal response to light is independent of such 
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accidental cm renin proiidul tbe} lie not due to exiessiie physio¬ 
logical difTorences 

The immediate efieit of bght is to arouse cm lent in the h ilf sh uled 
leaf directeil from the illumm ittd to the shaded half (i f m the 
galV uiometer from ah idtd to illuminated xe fiom i eating to active 
tiHsua w in miiSLlc ind nerve) 

With illumination (f moderite dm ition te not exieediiig a few 
nimiites thin hist efTeit lists is lung is its cause using ton irds a 
miximum 'With longei illuminition i miximura is reichul ftom 
nhi<h the offtet liegins to decline Ihe ciiiient drops to or lje> ind 
zero giiing place to the reieisod cuiiciit nhich is the regiilir nftoi 
effect of illumination 

At the end of in illmmn itic ii of mcslei ito dm it ion the cm lent 
rapidly subsides iiid gives pi ice to i icvorscd cuiKiit diiccted 111 the 
leaf towirds the pioviously illumuutcd half 

Phis (ffect ail i iftei eflectuf illumiii itioii aiu aimilir in ippearance 
to the effect uid iftci effect in ncnc produced by tetiiiis itioii extend 
uig howoMi Old longer pen hIs of tune (hgs 2 ind 2/) 

Mijnifil —The electiumotuc force of the response his ii due that 
usually r iriges fium 0 OOo to 0 0.0 v It 
lha loif lesistuiee (intcipolu distance 5 cm and bicidth = 
about 1 cm) is gcneially In tween 500 000 and 1 000 000 ohms 
The cmient cleflectiou with these \ dues is IjetHceii 5 and 40 tm of 
sc do, with i pcihsible Hceidciital effect ef ± 1 cm * 
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Pie 6—Intenalof lunebctirion Illenunation Land BosponseB of a vigorous 
Lest of Ins ( 178 d ) 


* Tho senaitaTeuaM st wliiili this gslrsnometer wsi uso 1 wai such that 10~* A 
M l.cm fiala With tho reoordiuig galvsnoiuotor 1 ou of ordiuata - 810~'A 
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On the Viacobtly of Oases an affected ly Tempmatun I*?? 

Latenrif —Tho offbcts uiid after eifcrte occur very sharply at begui 
iiing and end of otrong illumination of moderate dm ition Tho latent 
ponod IS botttoon 3 and 10 acc 

Jiattgue and 1 ernni /—Tho effects of auccessno illuminations (of •> 
minutes’ duration) piogrtsauely dimmish if repeated at ‘ short ’ in 
torvals (10 minutes) At inters als of ilamt 1 hour successive illumina 
tions of 5 minuUs produce appriximitely equil (fleets 

With the leaf of Mathiola I hue used peiiods of illumination of 
2 nuniitos it intersnls of ll minutoH without provoking any obvious 
sign of f itigue 

t mela i u —Tho leaves of ceitiiin phi ts under f is oui al le eonditions 
of life oxhil it i lecti omutivi effects in I sftei effects imountiiig to 
± 0 02 volt in 1 espouse to illiimin ition 

As in the ( ise of luim il tissue it is possil le th it the neg itivo 
(zincatise) effect rosy lie siginfu int of dissimil ition ind tho opposite 
eftoet 01 aftei effect significant (f assimilition 

The absence of distinct lesiunso in petils uidicites that chloroplistb 
*ire essential to the leaction 

Iho absence of distinct icsponse in the giecu leases (f trees mil 
shrubs IS possibly duo to a lessor iser igo mot il lisni in such le ises, as 
compared with tho actisity of leisos of small joung pi Hits in sshieh 
leaf functions me ptesuniably cuneeiitiated ssithin a smilloi area 


‘ On tho Viscosit) of (cases as afle ted by lempeiatuie Bj 
Lord Kaylfioh 1 RS luecived Jimo 20—Read lime 21 
1900 

A formei paper* descnlios tho appiritus by which I oxinunod the 
influence of temperature upon tho snseosity of irgon iiicl other gases 
I have recently h «l tho opportunity of testing in the same way, on 
interesting sample of gas prepared by Professoi Dewar, being the 
residue, uncondensed by huxlh/h g i from a large quantity collected 
at tho B ith springs As w is to be expected t it consists mainly of 
hehum, as is evidenced by its speetium when rendered luminous in a 
vacuum tube A hue, not visible fiom another helium tube approxi 
mately in tho position of D (^eon) is also app irent J 
The result of the comparison of nscositius at aliont 100 C and at 

* ’Baj See Proc, vol 66 (1900) p 68 
■r Boy 8oo Proc, vol SJ (1896) ] 207 vol 60 (1896) p 56 
$ I speak doubtfully, boosuse to niy eyo the mterral from D| to (kebuni) 
appeared about equal to that between and the hae in question, whereae accord 
ia| to the measurements of Bamsay and limTers ( Boy Soo. Proo / vol 68 (1898), 
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the temperature of the room was to show that the temperature effect 
was the same us for hydrogen. 

In the former paper the results were nxluoed so as to show to 
what power (a) of the alwolute tum|ionitiiru the viscosity was propor¬ 
tional. 


Air. 0-7B4 in 8 

Oxygen .I 128‘8 

Str} •• • »« ' «» 

Argun. 0 81S 150 *8 


Since practically only two points on the tomporatiiro cuivo wcie 
cxaminol, the niimbetb obtained wore of course of no avail to deter¬ 
mine whether or no any powei of the temperature was adequate to 
i-epresont the complete curie The ijnestiun of the dependence of 
viscosity upon toinj[)eraturu has 1>een studied by Sutherland,* on the 
Iwsis of a theoretical argument which, if not aljsoliitcly rigorous, is 
still entitled to considerable weight lie deduces from a special form of 
the kinetic theory us the function of temperature to w’hich the 
viscosity is projioi tional 


l-^riO 


( 1 ), 


4 being some constant proper to the particular gas. The simple law 
tii, uppnipnute to “ hard spheres," hero appears as the limiting form 
when d is very groat. In this case, the collisions are sensibly luun- 
fluonced by the molecular forces which may act at distances exceeding 
that of impact. When, on the other hand, the temperature and the 
molecular velocities iwe lower, the mutual attraction of molecules 
which pass near one another increases the number of collisionB, much 
as if the diameter of the spheres was increased. Sutherland finds a 


D, . 6805 0 

D, . 6889-0 

D, . 6876-9 

lit . 6849-e, 

to that Um abore-menthmed interral* would be aa 19*1:96 8. [Jaae 98.—Sabee. 
quent obaarrataons with the aid of a loale showed that the interrala ahore spoken 
of were as 90 91. Aoeordiag to this the wave-length of the line seen, ancLsup- 
poeed to oomspond to D|, would be about 6866 on Howland’s scale, where Di 
6806-9, J}^>6800-9, D,- 6876-0.] I n>aj record that the ref raetivitj of the 
gas now under disousaion is 0-189 relattvely to air. 

• ' PhiL Mag.,’ Tol 86 (1808), p. 607. 
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very good ngrecment lietweon hw fominh (1) iiid the ohscivationa 
of Holman and othcis upon viinoiia gisps 
If the law lie issumed, my oHervitioiw Milhco to doteiminc the 
values of i I hoy ue nhown in tho tilile, and they igiot udl with 
the numliers for au md oxygen cahulitcd hy Sutheiland fiom obser 
Vdtions of Olierm ij ei 


Rcpoit of Migntticil OliHtrv itions it hnlmouth Obserxatmy 
for the \oir 1807 lalitudi 50“ 0 0 N TongiUidt 
4' Ij'W hiight lC7h<l ibo\( luiniiHei level 

The Declination and llorirontil loui uo doiluad fiom homly 
readings of the photogi iphic iiiivts, and so iro (onectod for tho 
diuiiial viiutiun 

The lesults in the fullouing tihks, h«oH 1, II, 111 1\, aie deduced 
fiom the mignetoguph cuivts, which lure Iwen stan<ludised by 
obauvitions of defleotiun uid vibntion Ihese weie made with the 
Collimatoi Magnet marked G6v, uid the Declinumetoi Mignet marked 
66c, in the Uiuhlai Alagnotometei No C6 by LUiott Brothers, of 
London 1 he temper itui o correction (u hich is })i oh d>ly vei y small) has 
not liuu ipphod 

The Declination ind Hoiizontil horeo values given in Isbles I to IV 
are prepared in accoidince with the suggestions marie in tho Fifth 
Hoport of the Committee of the Bntish Association on comparing and 
rorlucuig magnetic obseivutiuns, and the time given is Orroenwieh 
Mean lime which is 20 minutes lb setonrls eat hot thin local time 

Tho foliowuig IS i list of tho days ilunng tho you 1897 which wore 
selected by the Astronomer Koyal as siiitihlo for the deteimination of 
the magnetic rhunral variations, and which liave been employed in the 


preparation of 

the magnetic t ihlos 

- 



Januaiy 

0, 

9, 22, 21, 26 

IiUy 

1, 

9, 13, 18, 26 

February 

2, 

9, 17, 18, 20 

August 

4, 

5, 6, 24, 31 

Match 

u, 

15, 16, 18, 20 

beptombor 

n, 18, 19, 26, 28 

Apiil 

3, 

11. 12, n, 22 

Octolrer 

5, 

9, 13, ‘20, 21 

May 


9, 12, 16, 28 

November 

7, 

8, 12, 23, 30 

June 

8. 

9, 10, 12, 30 

December 

8, 

IS, 26, 27, 28 


1J)MAJID KITTO, 

Mfignette Observer 
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Table I Hourly Means of Declination at the Falmouth 
on Five selected qmet Days m 



Wi l 



43 1 0 

4d i 43 3 
4i 4 43 4 
U 3 42 0 
4U 8 41 0 
89 «, 39 r 


41 8 ,41 6 
40 7 40 0 
“ 8J 6 


42 '■ I 42 7 18 1 
42 S 42 ( 40 8 

41 8 40 2 19 1 
40 8 19 8 98 7 
4( 4 30 7 48 7 
2 1 to 8 32 o 


40K 39 0 <8 8 80 0 48 8 

89 ( I 38 ) 39 7 41 6 44 8 

89 0 38 j 3 ) 6 41 6 48 6 

88 9 1 88 1 38 7 40 7 43 7 

38 2 . 38 0 3Ho,406 483 
8013841388 400 421 


IfMiu 41 o' 41 9 41 7 41 5 41 2 40 


' 39 0 40 7 43 1 


lal le TI D uinal Ii o ju ihtj of the Falmouth 


Hmt r eaij 

Lo “1-0 7 1 0 B -0 2 1-0 4 Lo 1 1-0 7 -0 0 Li B Ll 8 Li 0+0 8 


Annual mean 


j-0 7 -0 


-11 -I" -2 0 -2 7 -2 6 -1 4 +0 B 





Falnofttli Obinvatory /or the 3 car 
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Obsemtory determine 1 from the M ignetogniph Cnn es 
each Moi th d mg IKd” 


Noon 


2 

8 

!‘ 

1 ^ 

6 

7 

' 

9 

10 

11 

Ifid 






W tor 







40 b 

47 i 

46 5 

16 

4ti 

45 2 

44 8 

41 3 

48 8 

43 r 

4a 4 

43 0 

43 8 

45 7 

47 0 

46 0 

tt 1 

45 a 

44 7 

41 r 

44 . 

41 8 

43 5 

43 1 

42 0 

42 0 

45 8 

48 1 

48 8 

47 0 

48 1 

41 < 

43 a 

42 7 

4* 7 

42 6 

42 4 

41 9 

42 0 

44 6 

4o a 

11 7 

44 1 

4 6 

42 2 

41 8 

41 1 

41 8 

40 q 

40 K 

40 0 

40 » 

42 6 

42 9 

42 D 

41 e 

41 

41 0 

40 2 

40 ) 

39 8 

88 9 

as 3 

88 8 

88 5 

40 8 

40 7 

40 0 


IJ 6 

80 2 

as 

88 r 

SS 6 

38 1 

as 1 

38 2 

8H 6 

44 3 

45 

46 0 

41 2 

ITT 

4» 8 

4* 

41 8 

41 7 

41 3 

41 0 

41 0 

41 1 

— 





S 

ner 






= 

46 5 

48 8 

49 0 

l.„ 


46 0 

It 0 

48 » 

41 H 

43 7 

18 7 

43 4 

48 1 

47 0 

47 8 

48 3 

4b r 

4o 0 

44 a 

43 0 

4t 6 

43 6 

41 6 

43 0 

43 S 

48 4 

45 0 

46 4 

46 H 

46 

4 a 

14 1 

43 0 

41 3 

4d 0 

1 9 

42 9 

42 1 

42 0 

45 4 

46 8 

4 

46 0 

44 8 1 

43 

4 2 

42 2 

42 

42 1 

42 4 

42 0 

42 0 

400 

47 5 

47 6 

4o 4 

446 

42 8 

41 6 

41 2 

41 2 

41 3 

41 2 

41 0 

41 Q 

44 0 

46 6 

46 4 

44 7 

48 7 

42 8 

42 7 

42 2 

4t 2 

41 0 

40 8 

40 8 

404 

40 7 

47 0 

47 3 

40 1 

46 0 

18 7 

43 1 

42 

4® 6 

1 4 

“i 

40 1 

42 0 


)eclinatioii as de luced fiom 1 iblo I 
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1 ililb III - Iluuily Mtuis of the llon/oiitil Force dt Falmouth 
0 18000 + (C 0 S umt.) "" ^ "" 

Hour> I Uid I 1 I J I 3 I 4 I 0 I b I 7 I 8 I g I 10 I 11 I 




Table IV —^Ihumal Inequality of the Falmouth 


I IlfIfI 








Falmouth Obtetiaiomf for Hit Ytar 18U7. 
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Obsemtory, dotorminod fiom the Mrignetograph Cur \08 
each Month diiniig the yen 1897 




Eonzontal Foret ue deduced from T<(ble III 
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lit'poil of Ma} 5 iietk'al Oleervations al Falmouth Ol»f.ervatorj 
for the Year 1898 Latitude 50° 9' 0" N., Longitmle 
5° 4' 85" W.; height, 167 feet above mean sea-lovel. 

'Hio DocUuation and tho HoriEoiiUl and Vortical Forces are deduced 
fiom hourly recuhnga of tho photographic (urves, and so arc corrected 
for tho (hurnal variation. 

Tho roaults in tho following tables, Non. I, II, III, IV, are deduced 
from the magnotograph curves which have boon stand.irihsod by 
olieoivations of dofloction and vibiatioii. Those wore made with the 
Collimator Alagnot, marked (i6A, and tho Declinometer Magnet, marked 
C6i', in tho Unifilar Magnetometer No. 66, by Elliott Brothers, of 
Loiulon. Tho temporntiu-c correction (w'hich is prolwbly very small) 
has not boon applied 

In Tables V and VI tho Vortietd Force values, also dodiiccrl from 
tho Vhotogruphic Curves, have been sUndanbseil by olmervations of 
Dip and of Horizontal Force, and are pubhsheil for the first time. 
Tho Januniy results aic based on four days’ moans, and tho Juno and 
Octolior results on tho means of throe days only. No temperature 
corioction has lieon applied, and this piobably has modified to some 
extent the apparent law of variation of tho Vertical Force throughout 
tho twenty-four hoius. As is not unusiul with a now instrument, some 
discontiniuties occurred in tho course of the year 

III Table VII, H is tho moan of tho absolute values uliserved during 
tho month (generally throe in number), iiucoirected for diuinal varia¬ 
tions and for any disturlmnce. Y is the moan of tho products of the 
tangent of Dip and H. 

In Table VIII the Inclination is the moan of tho alisolute observations, 
the moan time of which is 3 f.H. The Inclmation was ohservod with 
the Inclinometer No. 86, by Dover, of Charlton, Kent, and needles 1 
and 2, which are 3^ inches in length. 

The Declination and the Horizontal and Vertical Force values given 
in Tables I to VI are prepared in accordance with the suggestions made 
in the h'ifth Beport of tho Committeo of the British Association on 
comparing and r^ucing magnetic ohserv'ations, and the time given is 
Greenwich Mean Time, which is 20 minutes 18 seconds earlier than 
local time. 

The following is ui list of the days during the year 1898 which were 
selected by the Astronomer Boyal as suitable for the determinatioa of 
the magnetic diurnal variations, and which have been employed in the 
preparation of the m^etic tables:— 
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JuntiHry 

3, 

4, 

7, 

9, 

2J 

Febnuuy 

1, 

3, 

7, 

26, 

27 

Mnrch 

T, 

3 

4, 

34, 

31 

Apiil 

1, 

9. 

21, 

32, 

29 

Miy 

7, 

19, 

31, 

33, 

25 

Juiio 

5 

13, 

17, 

30, 

21 

.Inly 

2. 

10, 

15, 

16, 

18 

August 

1 

8, 

10, 

15, 

25 

Septemlwr 

b, 

7, 

13, 

31, 

26 

October 

4, 

8, 

13, 

16, 

1« 

Novembei 

>}, 

10, 

14, 

39, 

30 

ncLcmlKP 

11. 

13, 

17, 

23, 

26 


iin\AHi) Kirro, 

Mtfjiifii Olmn I 
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Bqort of Magnetxeal Obtmatums at 


Table I—Houily Means of Dochnition at the Falmouth 
on hive selected quiet Days in 


Ho n M 1 1 

2 8^4 

- 1_ \_^ 

8 1 0 1 10 1 It 

1898 

Jan 87 87 9 
Job 87 8 88 0 
Mar 1 87 9 98 0 
0 t 84 9 86 2 
No 96 7 86 8 
1)0 81 0 35 

98 3 98 4 98 1 

38 0 98 0 38 1 

37 9 98 0 87 7 

lo 3 )5 4 3+0 

90 4 0 ir 6 

9 7 96 1 IS 8 

X ter 

98 ( 87 8 37 7 

88 0 87 7 97 

39 1 87 9 37 7 

3+ 9 9+ 1 94 6 

9 1 86 * 9 1 

8 8 8 0 8+ b 

97 4 87 4 97 6 88 9 

97 + 87 J 37 3 88 7 

97 1 9b 3f 6 88 7 

89 8 99 2 94 7 87 2 

81 I 36 0 30 8 3(9 1 

35 3 3+ 6 30 3 86 b 

Mae 86 6 8r 7 

Apr 1 1 88 6^ 88 7 
May 36 9 97 1 

T no 87 6 97 9 

J ly 1 97 8 87 8 
Aug 1 86 H 96 J 
Sept 1 8 3 36 6 

9b 0 37 1 3 9 

8 

98 4 18 1 98 

86 9 9 8 96 2 

37 6 1 37 3 8 6 

37 0 3 7 96 2 

1 96 9 39 8 9 7 

3o 0 89 2 84 6 

97 0 3 7 16 6 

37 » 98 1 87 + 

85 1 33 6 92 2 

86 3 83 8 33 2 
1+ 4 94 1 88 8 
9+ 4 81 7 84 1 
84 3 81 8 89 9 

96 1 9 9 86 6 88 0 

36 4 9 0 30 9 88 9 

91 32 + 9 1 98 6 

99 88 1 3+ 0 98 1 

33 7 34 9 9b 2 38 4 

93 8 94 8 96 8 US 

88 { 99 9 So 6 37 9 

Moa • 87 2 87 8 

1 38 9 9f 7 36 2 

9+ 6 94 7 1 34 2 

33 8 84 1 96 0 88 6 


T 1 le II —Di irnal Ii equality of the halmouth 


EonMd 1 sja ^ 

S r a 

~ I M I ! 

04-0 9-0 7 09 1-1 4 - o' 29-8 41 SB 

W nter me n 

I -0 0 -0 7 1-0 6 j-0 3 -0 6 Lo 4 j-0 7-09-19 

Ann a] nean 

1-0 7 1-0 B ^-0 6 1-0 6 -1 0 1-1 8 j-1 8 l-2 2-2 6 


0 10 11 


« 0 -1 7 +0 9 


-1 6 - 081+08 


j-2 6'-l 8 I+0 8 



otUl Obitiaio jfinil Im 


U'' 


01 servatory determined from the Magnetograph Cur Lb 
each Month d ini g 18^8 

Voon 1^1156 SniolllMd 


W te 


40l 40 2 JJOi300 IS SH7 SS2 17 7 37 5 3 S'* 

40 2 41 4 I 41 1 40 8 3<l 8 39 I W 7 IS I SS 1 37 7 1 

41 6 1 431 13 4 42 1 41 2 41 « «] 38 9 38 8 38 .i 

88 7 40 4 , 4 ( I 39 2 17 8 B 3 Gr|de 2 18 e 3 oll 2 

30 4 30 9 80 4 39 0 8 1 37 3b4| 30 3 3 38 1 

87 6 37 o|l7 4 IN 3 3733 31 348 il 11 4 

30 8404101 9 3S H03 13r 0 36 6 31 



Declinat ot aa led ice 1 f «m 1 lit I 


Kaon 123466789 10 11 Ml 


bamn r n ea 


+ 8 6 +6 2 +6 1 +4 0 +'» 1 +1 ® +0 2 1-0 1 0 2 1 0 3 -0 4 -0 3 I-0 6 


Wuer m 


+ 2 4 '+8 0 +2 9 +2 1 +1 +0 6 +0 1 0 8 0 o j-0 8 10 -0 91-0 8 


+8’0 +4 1 +4 0 +8 1 +1 8 +0 9 +0 2 1-0 2 -0 4 -0 6 -0 7 -0 6 1-0 7 


37 4 3 a 
17 5 37 3 1 

38 4 38 4 
38 3 8 1 

1 3 0 I 

Mb 31 8 


36 6 86 b 


13388 
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Htjiwti of MagnUtciU ObunattoM ai 


0 18000 + (C O 8 uniti) 


Fable III —Hourly Meane of the Horizontal Foice at Falmouth 
g Five seloited quiet Dayzm 


Jm 604 (KU 

yeb Oil b2i 

Hinh OiS biO 

, Ort b88 639 

I Not bn b34 

I Dm b)5 631 


7 I 8 0 , 10 11 


b07 610 bli Cli 010 607 C09 
6i3 b25 b27 bib b£6 6i6 Oil 
Oil bi2 021 I hi6 I hil 010 bl4 
636 b37 BS6 686 I 6SS I biS 016 
035 OiO bil > bli I bis 631 68i 


627 I 6i0 610 6SU 628 bil ' blH i 


April Oii I blO I 
May I 686 6<)4 I 

June I 039 b37 I 

July 1630 biO I 

Aug I b48 040 , 

Sept 02i 624 | 


630 biO I 618 

bi4 616 , 610 1 

03b (3ii 625 


lablo IV -Diurnal Inequality of the Falmouth 


«xr. + OOOOI - MOO - 000(7 - oooili- 00018 - OOOJ^- OOft.1 





iisiei 


Falmouth (Fturmtory for the Tea) 1898 
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Observatory, determined from the Magnetograph Curves on 
each Month during the Year 1898 
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Table V —Houily Means of the Vertical Force at Falmouth 


Five selected quiet Days m 

0 48000 'f (COS unit!) 



Table VI —Diurnal Inequality of the Falmouth 







Falmauth Obtervatory for ihe Ytar 1898. 
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Observatory, determined from the Magnetograph Curves on 
each Month during 1898. 



837 688 546 683 667 660 668 668 ^ 660 669 669 
676 680 686 696 608 606 606 600 601 597 098 
668 670 676 682 686 690 690 687 688 678 678 
498 409 604 6tl 614 617 617 616 616 612 618 
643 642 541 660 666 669 660 668 660 666 666 
630 627 631 689 644 646 645 616 645 616 643 

641 648 648 666 660 668 663 662 660 668 668 


Vertical Force as deduced from Table V 



I SIsiii I i|§i§§§§ 
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Table VII —Magnetic Intensity Aheol ite Observations 

Falmouth Observatory 1898 

I OOS n oaiure I 


1898 

Hor 

Hor sontal force 

Vor 

Vert al force 

Jo ary 

0 18008 

0 43611 

Feb lary 

0 18600 

0 43688 

Ma 1 

0 18o86 

0 43o62 

Ai 1 

0 186J3 

0 436 8 


0 186 7 

0 4 r3r 

luno 

0 18611 

0 48546 

J 

0 iHrn 

0 4 10 

Aumut 

0 18688 

0 436 4 

Sopte b r 

0 18 OJ 

0 41 

O tob r 

0 186X 

0 49648 

Hon ber 

0 18684 

0 48641 

Dooonber 

0 18630 

0 43644 

Meana 

0 18600 

0 48r6S 


T il lo VIII —Migi et c I li It on A1 solute ObeervUions 
£aln 0 ith 01 soiv tory 1898 


Mo th 


January 1 
10 
88 


Februs j 8 
il 
80 


March 10 
19 
89 


Apr I 7 
18 
10 
JO 
J8 


May 


Jans 


10 

81 

80 


\ 


Mran 


6b 6i 6 
0 64 3 
66 68 8 


f 61 


60 o8 6 
Ob 66 0 
(6 68 4 
66 68 9 


ro 63 0 
06 66 9 
66 68 » 


60 68 5 
66 68 4 
66 68 J 
66 68 8 
66 6 1 r 
06 68 8 


66 61 6 


61 6 
60 61 3 
66 61 7 


66 61 5 


Month 


October 14 
31 
89 


Korember 11 
19 
89 


December 10 
81 
81 




ro ro r 
ro 60 6 

66 60 5 


66 60 6 


66 61 a 
66 60 6 
66 61 0 


66 60 9 


66 61 6 
66 61 9 
66 68 9 


66 68 6 


66 60 7 
66 61 6 
6 6 68 8 
60 61 7 


06 60 8 
00 60 1 
66 60 6 


66 60 6 
60 49 9 
66 40 4 
06 60 1 



lit|)ort of Mof^iietical Observ itioiia it T almnuth Ohsoivatory 
for the Ycai 1899 Tatitudi ’>0“ 9 0 N lonjjitudc 
° 4 J") W hci{];ht 1G7 hft abovi iiipaii sta li vpI 

The Declination ind the Horizontal Force are doiliiced from hoiiily 
readings of the photographn turves and so are coirected for the 
dim nil vaiiation 

The results in the following tables A os I II III IV are deduced 
from the magnetogi iph curves which have been standirdisod h;^ 
observations of deflection tiid vibration ibose were mide with the 
Gollimatoi Magnet m irked 66a and the Declinometer Magnet maikod 
6 Gc, in the Uiiifihr Mignetometer ho 66 by Flliott Brotheis of 
London Iht tempoiituro coriection (which is probably very small) 
has not lieen applied 

In Table V 11 is the mom of the absolute values observed during 
the month (gcnerilly throe in numlioi) luicorreitcd for diurnal vana 
tions and foi any disturlMiice V is the mean of the products of the 
tangent of Dip and 11 

In Table VI the Inchnation is the moan of the absolute obseivations, 
the moan time of which is 3 pm The Inchnation was oliserved with 
the Inclinoinoter No 86 by Dovei of Chailton Kent md needles 1 
ind 2, which aio IJ inches in length 

The Dochnation and the Horizontal iorce values gi\on in lablea I to 
IV aie prepared in accordance with the suggestions made in the Fifth 
Ifeport of the Committee of the Bntish Associ ition on comparing and 
reducing magnetic ob8er>ation8, and the time given is Greenwich Mean 
lime, which is 20 minutes 18 seconds earliet than local time 

The followmg is a list of the days dunng the yeir 1899 which wore 
selected by the Astronomer Koyal as smtablo for the determination of 
the magnetic diumal v inations, and which have been employed in the 
preparation of the magnetic tables — 


January 

1, 7, 10 13 27 

hel luuy 

4, B, 7, 8,18 

March 

4, B, 26 27, 30 

Apiil 

13, 16, 16, 21, 22 

May 

Id 14 24 26 29 

Juno 

6 , 7, 17, 26 26 

July 

15, 17, 22, 28, 29 

August 

12, 16, 18, 19, 23 

beptembor 

6 , 6, 7, 14, 20 

October 

2, 3, 10, 20 29 

November 

2, 10, 16, 20, 27 

December 

6 , 11, 14. 16, 24 


EDWAKD KITTO, 

ATtyneftc Obterwr 



Itt>j)ort of Magnetval Obiermtioni at 


T.i1ili' I lloiuly MvaiiH uf DoLlinatioii at tliu Fulnuiutli 
on Kivp Mclocted quiet Days in 


2 3 t 6 I « 1 R ' P ' 10 11 

I I 

Winter 


1H09. ' ' ' ' I ' ' ' ' ' ' ' 

Jin .. 36-0 33 B I 36 3 3&'« 35 4 36 2 35*1 36 0 St'O ' 35 2 36 8 30 6 

Veil 35 H :«l*2 3(i 8 80 1 311 8 30*4 SO 3 30 3 30 6 ' 30 9 38 0 38 0 

Mirrh 32-8, 32 *6 , 32 *3 32 1 i :i2-2 32 6 32 4 32 8 31 8 31 1 31-6 34 4 

Ort . 81-Ol 31 •! i 31 1 81 0 30-0 30 8 30 0 30 0 2» 2 29-0 80-0 319 

Not. 20 It 30-7 30*8 30 H 30 7 30 5 30*8 20 9 29 8 29'2 i 301 316 

Dm* . 80 0 30*1 :«) 2 80 1 30 4 30 4 30*2 30-0 30 0 30-1 30 6 31 2 

Mnituj 32*4 32*7 32*7 32 8 J2 7 32 6 82 3 |82'3 32 K) 31*9 32 7 34 1 


Riimnirr 


Annl . .^3*1 33 7 38-6 83 0 83 4 33 0 | 32 6 31 0 :«1 2 .U) 2 81 6 34 2 

M».V .| 31*6 81 7 31*3 31 6 31 1 80 1 28 8 27 0 27 3 28*3 , 30 6 88'S 

June.. 32 7 32 6 32 6 32*4 82 1 .10 8 1 29 3 28 8 28 6 28 6 .K) 6 33 0 

July ..I .12 2 31 7 31*7 31 0 31 2 30 6 29 6 29 6 28 9 29 4 31 1 3U 0 

AaKUit. 31 8 31 8 31 9 31 8 81-6 30 9 30 3 29 3 28*6 29'7 i 32-2 97*0 

8i*|j4 1 28*7 28 7 20 2 28 8 28-5 28*3 27 <> 20 5 25*9 26 3 | 28 6 31 3 

Meini 81 *7 31 7 31*7 31 6 31 3 30 6 20 7 28*0 | 28 2 28 7 30*8 88 3 


1."»4 


(18" + Wc«.t) 
llouni Mid. I 






fa/matrfA Obunaiory for the Year 1899 


165 


Obeerratory deteniui ed from tho Magi etograph Cu tbs 
each Month luni g 1899 



Dechnatioi us de 1 icod from Tal le I 

Noon lljsjs 4|6|r|7|8|9 10 11 Md 

S mmornou 

+ 8 S 1 + 6 0 j + 8 1 1 + 4 1 j + i 4 j+1 1 1+0 8 j-0 1 j-0 8 |-0 3 -0 4 j-0 6 |-0 6 
W term ft 

+3 8 1+8 9 1+8 6 +1 6 1+0 7 +0 8 -0 1 | 0 3 |-0 6 Lo 7 |-0 7 | 0 8 |-0 8 

♦a*# +4-0 +8 8 +8 8 +1 6 +0 7 +01 -0 2 -0 4 -0 8 -0 6 Lo 7 1-0 7 
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Table III —Hourly Means 


0 1800 + (0as umU) 


Honn Mid 1 2 3 1 6 


I the Horuontal Force at Falmouth 
Five selected quiet Days m 


R'H ' oei R'H 647 OiS 646 
653 662 662 640 616 646 
657 660 665 647 640 687 
670 668 663 667 649 648 
677 676 671 666 668 i 668 
688 682 681 I 670 677 I 676 


Apnl fhl I 662 

HkV . 6( ) 668 

Juno 667 666 

JuIt 667 666 

Aug 672 670 


661 662 660 661 

666 066 666 663 

666 668 662 604 


660 658 664 045 638 681 

660 , 662 043 I 636 694 080 


OoO I 0o3 I 646 648 642 


Table IV —Dium il Inequality of the Falmouth 


+ DOOM 1+ OOOOt + 00004 + 00001 + OOOOB'+ 00004,,- 00001 - 00006 - OOOll - OOOU - 


0 - DOOOl - OOOOI' OOOOIH+ 00001 + 00001 + 00004,+ 


Aonul; 










MwmOl Obmwiory for the Tear 1899 , 


m 


Observatory, detemuned from the Magnetograph Gurres on 
each Month during the year 1899 



Koon 

1 

* 

8 

4 

6 

6 

7 

8 

9 

10 1 

11 

Mid 







Winter 








640 

063 

b6i 

646 

646 

647 

650 

650 

640 

649 

649 

648 

647 


846 

640 

682 

651 

648 

648 

651 

664 

656 

656 

666 

666 

667 


641 

640 

654 

665 

6o6 

666 

656 

650 

658 

6)6 

666 

667 

666 


648 

65i) 

667 

<i6i 

664 

ore 

669 

671 

671 

671 

672 

668 

669 


661 

666 

669 

672 

676 

676 

676 

676 

676 

674 

673 

672 

672 


677 

678 

678 

678 

679 

681 

683 

682 

682 

662 

685 

681 

682 


664 

668 

660 

661 

661 

663 

664 

685 

665 

668 

605 

664 

664 








unimcr 








632 

638 

680 

668 

660 

1 664 

668 

663 

686 

666 

604 

664 

666 


648 

657 

663 

666 

666 

' 666 

671 I 

674 

676 

674 

672 

670 

670 


646 

648 

654 

662 

666 

669 

673 1 

677 

677 

676 

673 

671 

870 


640 

663 

661 

666 

666 

668 

689 

674 

676 

674 

674 

671 

670 


640 

667 

664 

666 

669 

670 

673 

680 

680 

679 

677 

677 

676 


660 

670 

676 

081 

662 

6N4 

684 

687 

685 

083 

683 

684 

682 


648 

664 

661 

666 

1 668 

670 

673 

676 

1 677 

675 

074 

678 

672 


Horizontal Force az deduced from Table HI 


1 Hocn 1 1 1 1 1 1 1 4 1 1 1 < j T 1 8 

» 1 10 1 U 1 *4 1 

I bmai&iTtMBn. ' 

- ()«18|- oooioj- 00il0l|-t- oooos|+ 0(»Mj+ OOMe^ 1 «IO(»j+ 5 »Bj+ 00 llj 

mnMrrnein 

- 0000l|- 0000l|- fl00(l!j- (I000l|- OOOOlj-f 0000lj+ 000(8+ ocooij+ coon 

+ oeoii|+ o(ioio|+ o(iooaj+ oooee' 

+ 00001I+ ooooi|+ ooooaj+ ooott 

1 Aannftlmns 

|- 0001 ^- Odoorj- (iooot|+ (ioooi|+ ooaoi|+ o(iooij+ o(w»|+ ocoo*|+ ooooi 

+ oooor|+ oo(ii»|+ 0000^+-ooeH 
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Tahio V —Magnetic Intensity Absolute Observations 
Falmouth Obseivatory, 1899 



oai I 

noMuro 

1899 

H or 

Vor 


Honxontal force 

Verlioal force 

January 

0 18636 

0 43568 

Fcbruai^ 

0 1S645 

0 43548 

March 

U I8C31 

0 42542 

1^" 

0 18142 

( 41 ( » 

0 18640 

0 41>21 


0 18633 

0 43474 

Jnl^ 

0 18636 

0 41515 


0 18662 

0 43525 


0 18b>4 

0 43572 

Uctober 

0 18666 

0 43108 


0 18660 

0 43618 

l)o« mber 

0 18666 

0 43546 

Meant 

0 1864? 

0 48631 1 


Table VI —Magnetic Incluiation Absolute Obseivatioua 
Falmouth Observatory, 1899 


Monlli 

Moan 

Month 

Mean 

January 16 < 

66 10 6 

luly 8 

66 48 4 

23 

6(> 61 0 

21 

b6 46 0 

81 

66 60 0 

2) 

06 47 8 


<6 60 2 


66 47 7 

February 10 

G6 48 6 

Anguit 10 

66 47 8 

18 

()6 40 8 

22 

66 49 1 

27 

66 60 1 

20 

66 46 1 


66 4) 8 


66 47 6 

March 10 

66 60 7 

September 9 

66 48 8 

24 

66 61 2 

28 

66 48 6 

80 

6(i 48 0 

80 

66 60 8 


66 60 1 


66 43 4 

April 7 ! 

66 48 0 

October 11 

66 47 0 

14 

66 47 0 

21 

66 46 9 


66 48 4 

81 

16 47 6 




Ih 47 2 

May 2 

66 49 8 

NoTwnberll 

66 48 0 

8 

66 49 1 

20 

66 48 1 

17 

66 60 8 

29 

66 48’0 

27 

66 48 8 


66 48 8 


66 40 4 



June 8 

66 48 4 

December 11 

«e 48 6 

10 

66 47 4 

19 

86 48 4 

29 

66 48 2 

29 

66 48 6 


1 68 480 


68 48>6 
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Data for the Problt ni c t Fvc lution in Man V On tho Cor 
relation between Diirition of Life and tho Number of 
Offspiin^ liy Miss M BirroN fr IT ^uf ml Kahi 
Pfvuson FBS Univoisitv tollt^e 1 ondon Leceiveil 
Airil 10—Re 1 1 him 14 1100 

1 Aetording to the Diiniinui theoiy of solution tho membeis of 
u community loss fitted to then ciiMronment ire romo\ed bj death 
But this process of luitui d Hcloctioii wouhl not jii i m inently modify a 
rice if tho raemlcrs thus icmovcd hciu alU befoic dcith to pto 
pigitc then species in ueiago mimlx-rs It then locomes an important 
question to is ortaiu how fir dm ition f life is rilated to foitdity In 
the CISC of miny insects death can iiitcrfcn onlv with their binglc 
chance of (Hspnng thoj live oi not fr i their mo bn ediiig soobon 
onlj * i sumlar btatement holla ^oilwith rcganl to annual uid 
bieniii d pi ints In sue h cases then might still 1 c i correl itiou lietw een 
duration of life and fcitihty 1 «t it would be of tho indiiect chai actor 
which we ictually find in the case of mtn and women living beyond 
sixty jfciis of ig( a long life me mb Inttoi physipie, and bettei 
physi (ue me roasod fei tility On tho othei h md there is a direct 
correl ition of fertility and duiatioii«f life in the cise of those animals 
which generally smiive i munliei of buelin^ sets mb md it is thib 
correhtion which wo hul at first in view when investigating the 
inflnenio of durition of life on fertility in mm Ihe disioiory of the 
indirect factor in tho correl ition lef tied to doic w la therefore a 
point of much interest Foi it seemb to show th it the physique fittest 
to suivivo IS redly tho phjsiquo which is in itself (md independently 
of the duration of life) most fecund 
In continuing our study of tho inheiitmco of longevity t it occurred 
to us that It woidd be possible at tho simo time as evtnicting data for 
duration of life to extract data bearing on the Uise of tho family 
Accordingly Miss M Boeton in working iqion f imily histones made 
records of this additional character Moinwhile Mr G U Yule, who 
had been independently at work on this verj point drew my attention 
again to tho matter in connection with i passage in tho (Trammar of 
Science { 'We igroed to unite our matend and the result is tho 
foUowmg joint paper ^ 

* Of course loDfier life may denote arrster chon (f male or female meeting 
female or male but in this umo we bare not h gralu tied f( itililj the indindnat 
IS or IB not onee fertile 

t • Boy 8oe Proo toI 6S p 200 
$ Seeimd edition p 446 

I yfo hare alio to very beartaly thank ICr L N kilo and Mr K 

frssiler for aid in the caloulat t oni and in the pr pamtiuu of diagiunu 
VOL. LXVM jr 
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2. The data dealt with in this paper cnnsiat of four aeriea, tho 6ret 
three collected and reduced by Mias M. Boeton, and the fourth eeries 
by Mr. G. U. Yule. The sonreos from which they were extracted are 
the following: — 


Moth It. Tjnnjth of Life owl Siu of Fnunhj. 

Set if» I —Taken from the 'Whitney Family, of Connecticut,’ a well- 
known history of an American Quaker family. In order to complete 
a thousand and more cntiies some veiy few mldltinns weie mwle from 
the ‘Backhouse Family,’ tho history of an English north-country 
Quaker family. This senes may Ite taken to sulmtuntially represent 
American Avomen more or less closely connoctoil nith one strain of 
blood, either by inheritance ur by marriage. 

As soon os these results wera tabled it was noticed that tho average 
age at death of mothers was immensely below tho average age at death 
of Englishwomen Fiulhcr, tho nuximiim frequency of deaths which 
occurs at 35 to 40 was actually greater than tho maximum which 
occurs between 70 to 75 > Either then American women of this class 
die very early, or tho women of the Whitney family suffer under some 
hereditary taint, <.y., phthisis. 

iSV nes 11. - -Taken from purely English Quaker records. The tlata for 
this series were diawn from a great variety of histories and records 
most kindly placed at oiu ilisposal by Mr. Isaac Sharp, Secretary of the 
Society of Friends, and by the Secretary of the w’cll known insurance 
office, the Friends’ Pruvhlent Association, Imth of whom we desire to 
cordially thank for their aid. The object hero was to avoid tho selec¬ 
tion which may unconsciously lie made when the data are drawn from 
the records of a single family.* In those two series, ns in the third 
series, wo selected tho records of tho Society of Friends liecause— 

(«.) They appear to Iw the most trustworthy and complete of the 
family liistories nrailable. 

if).) Tho ages at death of the women are given; those ore rarely 
recorded in other genealogical works. 

(c.) The artificial limitation of fertility seems to lie less probable 
in a strongly religious community bko the Friends than 
in other classes of the popidation. 

In this series the mean age at death, the modal age, and other con¬ 
stants are quite fairly in accord with what wo know of the population 
at laige. 


* Of coons a “ fsniily ” liistoiy like that of the Whitniy family, profssdng te 
deal with all the deeoendaiits of a lingle fiair, really oontaine aa Im m e n ee additio n 
thnngh nunltge of <|liher itnins. 
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Faihi-r*. Ltmjlh of Lt fe otuf Sire of FimiUif. 

TIL —The greiit Irnlk of Uie 4latu wiw eKtnictoil from the 
Americiiii Whitney Family Ilorc the foaturea noted for the women 
wore again olisorvcd in the men, hut to a much lean markwl degree. 
There w.ia a rather high maximum frequency of death at 45,* but not 
t .0 high as the maximum at 75, an<l the average ago at death was some¬ 
what lower than wo find foi the general English population. On the 
whole tho sonea is a very good one 
.SV/ns IF —Extracted from Burke’s ‘liandod (tentry.’ It has lieen 
suited elsewheret that this is a good class for such data. It jioasesHes 
a higher average fertility than the Peerage, and is a class in which 
there is prolsibly comparatively little artificial restnetion. Unfortu¬ 
nately it offers no material for the age at death of wunicn. 

The following are the chief results obtained from the reduelion of 
these SCI ies - 

1 —T.ihlo of (Toneial Bosults 


— — 

.hrtilitv 


Urgn aklrni 


Ulc M I Life W 



In this table the unit for tho nUuidard deviation of the ago at death 
ib 3 ye<ir8, tho unit of tho grouping in the accompanying tables. Thus 
age at death of mothers 35 gives tho frequency of all the group of 
mothers dying between 32 5 and 37-5. Of coui-se tho age at death of 
curtain parents would lie exactly on tho boundary of a group, but such 
exact information is very rarely forthcoming, and when it is in a few 
cuios forthcoming, i.f., the day of both birth and death is given, it is 
very improbable that tho age of death exactly bisects the year. Thus 
no fructionising was found noccssaty in the first three tables. In the 
‘ Landed Gentry,’ owing to the nature of tho record, Mr. Yule found 
a small amount of fractionising necessary, and this appears in the table 
for Series IV. In the regression coefficients aliove tabulated 6 years is 
again the unit, and the coefficient of regression is the constant by which 

* The existeiws of a nodal value about 45 has boon slnadjr notsd ia the 
lewlution of the mortality curve i it le the mode of the middle »g» mortality 
oom pon eat. See ■ Fhn. Tnoe.,* A, vol. 18^ p. 403, and Rate 10. 
t ‘ Phil. Trau.,’ A, voL 188, p. 857. 

» 3 
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the ileviatioii in the age at death from the mean age at death, moasni'ed 
in S-year uiiitw, muht lie mnltiphod in order to obtain the proliaWe 
deviation of the family from the moan family. 

11 Table of liegreasion Fonnnla* or Curveh. 

// — Size of Family, j — Duration of Info 
,s'(/trs I. AmnuiM Muthu''. 

(n) For all lives Straight line 

// = 0-8J11+00H3,472' Dngiu of < 

(A) Foi Incs of .'50 years and under. Stiaight line • at birth and 
// - 1-9H81+ 0*163,->331. unit of / one 

(/) For lives of ."lO years and over. Str,iight lino • J®**' 

1 / - 3-55314-0044,74«r 

((/) For all hvi's C'ubiral paialada Origin of .i at 55 yoais and 
unit -- 5 years 

// - (1-0208 -f 0-328,471» - 0 035,056»■' + 0 003,000- ‘ 

Siiti’t-II. Englith 
(a) Fot all lives. Stiuight line 

//- 3-17814-0-043,811)» Origin of / 

(h) For lived of 50 years and under Stiaight line.- atbiithAiid 
1 /* -0 02224-0-140,581./ unit of / one 

(/) For lived of 50 ycara and over. Stiaight line • y®***"- 

//- 4-9.3414-0-018,810./ 

(d) For all lives. Cubical paraliola. Origin of / at 67-5 years and 
unit - 5 years: 

// - 6-10924-0-079,120j-0 052,719-S4-0006,717*’. 

Si j I/s hi, Amu mm Fullm s. 

(o) For all lives. Straight liuo; 

// - - 0-68194-0-103,644.r 0 ^,; , 

(A) For lives of 50 years and under. Straight lino; at birth and 
1 / - -2-67684-0-168,277/ ' unit of .< one 

(r) For lives of 60 years and over. Straight line: 

1/ - 3-39764-0-043,726.1 

(tl) For all lives. Cubical parabola Origin of / at 66 years and 
unit - 6 years: 

y = 5-8187 + 0-363,122/-0-047,43&r’4-0-003,036,T». 



163 


Datafm thi PioNuii vf Aeolultov in Uini 
Sen IV hmiUhlathn 

(<») "For all li\t8 Stiaightlino 

// J 4877+0 04 t,800i) 

(h) 1 01 livis of jO \t irs mil iimler Stmight liiii 
y 1 0061+011h'<00 

( ) 1 oi luLi of )0 iml o\(i Ml ii^ht line 

/ 4 6717-10 014 400 

(t) 1 OI iilllnc?! Liilidl piiilioli Oii^iii ot 
unit ')\pii‘i 

/ >1071-10113 401 OOH 940 +0001616 

1 lie ((iihtiiith oi the sti ii^ht liiiiK toi ill th(h( sdies lii\( lieeti 
loniid a 1 iiee !>} iitting tin lest ti ii^lit line to the oliseiv itioiis i 
Iv using lilt H^iessi nioiniult 

/ im 111 / ((till lent ol i(p,i(ssi HI (< I lx( nu in )* 

I he nhi il ]i ii iImiI in h uo 1 een iitte I liy th< niethoil oi moments f 

Ihu whoU of this system of fiimuli his 1 een plotted mid is 
txhihited giapliKilU in the uiominiiying di igi ims (pp 17C 17'J) 

Ihoso di igi im# sulhte to^ive the uitiiogi iphit il solution of thia piob 
lorn to in ex utness sulheieiit foi most pi ii lu il pui jxisi s cm efiil ex 
miiiii itiou ot these di igr ims will en ihle thu iimki to follow om genet d 
conchisioiiB e\en moie clomly thin insjie tion of tin algihriK formulx 

1 ( nnal (in Itisim (i ) The legieshioii stimght line foi ill Inee, 
III, doee not giie h eatief letoty picture of the ulition lietiieon nge it 
doiith of i piient and tht ivei ige imnihei of ollspiing Wo eee at 
oiue thit it IS too steep at the lieginniiig iiid not steep enough it the 
end of life Vccoidinglj utiiting fa-oni >0 tens as the sciuiiblo limit 
to a Oman s child lieaiuig |ieiiud the niotliers acre brohen up into two 
groupa, iiid the logroshion linob cihuliteil sepiiately foi lives of 
50 years ind iiiidei and foi Iiies of 10 ycais and oier In this aay 
4 Uite ti icasoiiable fit w is obtaimd to th< obseivations Foi con 
veiiionee, the age of 10 a as also taken is i dividing age foi fathers 
In ill foiii cues tho rogrossiun line n foi paients living beyond 
50 yems shows a eputo sensible deMiiUon from the peipeudicular, 
01 ffililili/ IS lumliitnl vttli Imjaiii/ (im iiftn Ihr fnnml jieiuxl fs 
piui^dl 

It ne fake Amencui motheis there is no doubt of this mrleasing 

* See Yulo ‘ Eoy Soc Proo toI CO p 477 

f T have thown m a memoir not pubUihed (a) how to fit all typr« of 
onrret, but pamonlarly parabolaa of any order by the method ot momeali, and 
(i) that aooh method gives reiulU practieallv of the same order ot euotneN at 
thioM given by the mrthod ot least aqwet—k P 


Oiigin of 
it birth and 
unit of L one 
yoai 

it 00 \ ears and 
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fertility e\en up to 90 years of age With English mothois it is less 
marked, hut appears to lie cputc tiue up to 76 years. Beyond 76 
there apiM'ars to lie a slight detrcaso Tunuiig to the two senes for 
fathere wo see that ao might posailily ha\e lietter taken 60 than 50 as 
a di\ iding ago, for the general trend of the ultservations is much the 
same up to 60 yoais After this theie is still it sensible trend in the 
Ameiieau results, so that aged fathers are again the must fertile. 
With the English fathers this relation is, os in the case of English 
mothers, far les'j marked, although it is sensible if we take fathers 
above 50 years 

Thus T think we might sum up: That the peculiar physique in both 
men and women uhich leads to InngoMty is also associated with 
greater fecundity. Of two Honieii who Iwth live beyond 50 years, 
the longer ln(»l is likely to ha^e had hofoie 50 the largoi famil^N. 
The ohsooiatioii is, howeier, much greatei for American than 
English parents, although the American jMirciits dealt with are, in 
the gicat majunty of cases, of Anglo-Saxon race. Climate, mode 
of life, gouerally selection and environment, seam to !« differentiating 
in this respect the English and the Anglo-Amoriean The English 
Friends, wo should suppose, would lie a class very comparable with 
the Amoncaii Fnonds, yet their average life is longer, their fertility 
greater, and there is loss association lietn'ocn longevity and fecun¬ 
dity In Ixith cases oiir algebraical formnhe show that Amoriciui 
men and women aie more alike, and English men and women aie 
more alike than the women to the women or the men to the men of 
the two races This is the more remarkable, as the English Friends 
us a class are by no means identical with the Lundoil Gentry. 

(ii) In order to roprosent the lonhmom change in the regression, 
which cannot Ikj done by two straight lines, which only enable us to 
distinguish the fecund and non fecund periods of life, the statistics 
were fitted with cubical paraliolas. The regression lino at any age in 
life may then bo looked upon as the tangent to the cubical parabola at 
that ago. All inspection of Diagrams 3, 4, 7, 8 shows what an excel¬ 
lent expression sneh parabolas are for these statistics. 

For American mothers and fathers wo see dyjdr consistently positive 
throughout life, and we have a most excellent graphical ilemonstration 
of the physical characters which tend to longevity lieing also associated 
with fecundity. In the English fathers the some feature appears iii a 
much less marked degree; there is a point of inflexion in the curve, 
although dy/(fx remains positive. Up to about 75, however, the 
number of offspring continues to increase with duration of life, and 
when we break off at 96, the curve has got a renewed outward trend. 
With English mothers, however, the curve has a small but sensible 
trend inwards in old ago. For fifteen years after the climacteric 
increased life connotes larger family, i.c., shows fecundity associated 
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with the physique peculiar to longevity, but beyond 65, as judgeil by 
the parabola, longevity is slightly unfavourable to fecundity.* 

The following are the values of tho regression coefficients obtHino<l 
by differentiating the cubical parabola and refcning to biith os origin 
and a year us luut 


Tabic III.—Kegressiun Gucfficiciitb showing Ihtnr Change with 
Diwation of Life. 


I SrriF* Old method, line 


I 0 OH33 

II 0 043H 

III 0-1036 

IV U 0448 


Cubiisl parabola 


0 437,741-0 010,7240*+ 0-000,07201’ | 
0-711,949-0•010,9fl35* + 0-000,1872s* i 
0-Sni,0»8-0-011,8074(4-0 000,0728(’ 

0 640,143-0-018,H200( 4-0 000,0873*’ 


By simply substituting the nunilxir of years of life c-, we can iin<l tho 
4 .duo of tho regression at any ago. 

D lilaslralmu of Ihfv JUxnlh (i) ^^^lat is the piobablo family of 
an English mother <lying at 401 

(a) gives 4-93, (A) 5-00, and (it) 5*24, all of which might equally well 
have IxHjn i-c«ul off on tho dugrums Tho actually oliserved 
number is considerably in excess of all these, t.e., C 23. In 
fact, if an English mother lit us to 40 years, she will, on the 
average, haie \ery neaily tomplettsl her family For an 
American woman (n) gives 4-16, (l>) 4 54, and (tl) 4 64. But if 
she lives another ten or tw-onty yeais she will piubably have 
a family ot 5 or ei on 6. 

(ii.) Compare the strength of the relationship liotweun duration of 
life and sixo of funuly for American fathers dying at 40 and 70 
leepectively. 

We find the slope of tho cubical paraliola at the points corresponding 
to 40 and 70 years to bo 0-1469 and 0*0249 rospoctively. The mean 
regression for tho whole of life is 0-10.56; for the first fifty years 
0*1663, and for tho lust fifty 0'0437 (sou Table I, and reduce to year as 
unit). It thus appears that tho influence of mere number of years as 

* It Hm bsmi inggstted that this it due to the nature of the record, there being 
a tendency to enter only the children who aorriTe their paronta. Thna the longer 
the latter live the fewer would be the ofEipiing entend. In ottier worda, we 
thoold be ander.4teti]nattng the correlation between fertility and longevity. But 
the Quaker birth-Mcorde inelude all ohildren, wid their lyetem ii uniform. There 
doee not iqipear any reaaon on thii ground for BngUth and American retnme 
dHlering lo seneibly. 
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compurod with the physique which tends to longevity lias an effect 
on fertility of about 5 or 6 to 1. 

(lU.) Wcisnuiim has nuggostod that it may be nn advantage to a species 
that its duration of hfe should lie shiirtcnod. This is not, fi prmi, con¬ 
firmed for the Ciwe of nun m the American senes. the longer the 
parents live the greater the munlier of their offspiing. But if we ran 
lay any stross on the liend-in for the English mothers, .uid on the 
similar Init leu m-irkeil teiidoiicy fm the English fathers, we might 
urgnu that lepiodiutive selettion was possibly in England working 
ag.iinst extreme longevity, although favouring p,« cuts h\ mg till fib or 
70 Iiidord thtiso who rush rapidly to brilliant but not over-sUiblo 
< ontluyoiia might emphasise Woismanii’s views by showing how in .in 
old roiiinmmly, with miuh gieater pressure on the matoiiol resources, 
there is a tcwleney to ro<huo the feitility of the long-lived parents, 
while m a new community, with plenty of fmid and otcnpatioii for all, 
the longest-lived jiareuts uie the most fertile * However, all that we 
can vifely H.vy is that there is a marked difference lietwcen English and 
American pvronts, mid th<it this distinguishing char.ictoiistic is almost 
\oipially V isiblc if a c take opposite sexes of such divorso classes as English 
jKncnda and English country gentlemen. We would leave to fiitthor 
^iivostigationa its tuio lutorprcUtioii. 

I G Admitting a substantial oorrolation between length of lifo and 
fertility, it is of groat interest to investigate what effect, other things 
being e(iual,* repnaluctnc selection would have in modifying the 
duration of life. 

'I'ho following table gives the mean length of life of parents taken 
fcinkly and of parents weighted with their offspring •— 


Table IV.—Mean Duration of Lifo of Parents in Years 


Sene. 

Vuweightcd j 
parent. 

Weiglited 

pan'ote. 

Vrogrcwion 

1 

58 ’802 1 

69-920 

6’028 

II 

Ol’ias 1 

6:i’88» 

2’066 

ITI 

68 086 

63’082 

4-996 

IV 

1 

68 -677 

66 -610 

i-oao 


Now these are substantial differences even in the case of the English 
parents (II and IV), but they are veiy large differences in the case of the 
American parents (I and III). If we suppose no assortative matbg on 
the basis of characters tending towards longevity, then it is easy to 

* Omlitiiig, for example, the effect of Batnral edeotion oi eridenoed poeubly w 
a greater deaUi-nte In large familiea, fte. 
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obtain a rough approximation to the effect of i-eproductivo selection in 
modifying the duration of life. It has boon shown* that if there f« no 
assortative mating the average deviatioii, h,, of an array of offspiing 
from the moan of the general population of offspring due to parents 
deviating h, and A, from the moans of the general populations of 
parents is given by 

A, iij"^'Ai + iit"^'A., 

<rj iTi 

w hole lu «‘nd / ts are coofllcicnts of parental inheritance, and <r„ ir,, the 
standard deviations in oirspniig and p.ironts for the ch.iracter in (]ues- 
tioii AVhen that tharaotor is longevity our ilaUi are not yet complete, 
l)ut two of us have shown that the value of Cjiiri/o-j for father and son, 
11 , the regression coefficient for inhoriUnce of duration of life, is about 
0’1682,t if the sons die having lived at least 21 years. Wo have not 
yet completed our d<itu for the inheritance of the duration of life in 
the case (i) of minors, oi (ii) m the case of the female line, although 
we have neaily roachcil the requisite amount ot material. Hence the 
lollowing statements must lie Ukon as tentative and suggestive only. 
We will assume 0'1082 to bo the rogiession coelficiont foi both sexes, 
and for all aqr^t of Hu oduniiuj, mimis oi ailiilh. In this case if in, be 
the moan of the imweightoil and of the weighted fathers, ii>i of the 
unweighted and w/ of the weighted molheis, we should exjioct an 
increased duration of life in the offspring duo to leproductivo selec¬ 
tion of 

III 0 1682(no-«<i)+ 0 1682(/«y -nij') 

-. 0-1682(6-628 M-996)-lj^,^he Americans 
« r9551 J 

Thus the increased duration of life would be about 2 years per 
generation from the American data, and alwut 9 to 9*5 months per 
generation from the English data. 

The result fur the Amencan senes shows us how an especially low 
expectation of life, due possibly in this case to some family character,} 
will be rapidly raised by reproductive selection, if there lie no opposing 
* ‘PhU. Tmii A, vol. 187, p 288 

t ‘Boy. Boo. Vroc rol. 66, p. 207. Tlie Landed Oratry would appear to 
be oloaer than the Peerage to oar present material. 

t It is by no means certain that this is Uie true view of the esse. We have 
Men that the American women hare their maximum mortality m early middle- 
life, and only a seoandary maximnm at 70. The maximum mortality of the table 
prepared by J. P., P.ttB., for the years 1728-67 ('A OoUeotion of the Yearly 
Bills oi Mortally from 1667 to 1768 inolotire,' London, 1766) ooouni about 41 
years, and there la no evidanoe of a ma x i m u m at 70 ah all. Thus the American 
data appear to reeamble London data of two centoriee baek. 
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factor of evolution Iho I*nglibh lobults on the othoi hand shoa i 
small but sensible toiir1onc> in repioductno bclcition to prolong thi 
duration of bfo Allowing three genorations to a tontuiy i\o might 
expect the dui itioii of life tilieiiiseil iliout 2 years in a contuiv 
by this factor of ei olutiori 

Ill making this statement wi iie siippisnig that piients are not i 
shertlived seleitKii out cf tlu geueril aliilt population Iheie 
seems no reason why they should lie mil we hive some stitibtics to 
show the> lie not Thus fui tho Peonge and I iiuled (rentr} we 
have show n th it for f ithers and sons li\ mg 20 or 2 j j ears and upw ii ds 
the age at death < f the father is aulibtintially gteater than thit of the 
son* lurthei fiomdutifoi the Society of Hi lends Miss Beetonhis 
found the n erago ago it de ith of w e men m got e i il to be BO 8II and 
the iverage ig« of mothtrs it doith t> lie 00 791 sensibly tho same 
In the table foi 1671 to 1880 gn tii liy tho Itogisti it (general the expect i 
tiou of life of w omen in genet al it 20 } oars r f igo is given as 41 66 yo ii s 
c r tho ay crage dut ation of life is 61 66 j cai s 1 his is only vet j slightly 
greater then om avoiaget foi I nghsh mothcis altoie if 61 181 and 
substantially loss tlian out eyoi ige for rootheis weighted with thou 
oHspt ing i r, 63 082 > 0 II8 Again the gem r d populatiou of males of 20 
Iwd (1871 SOiotums) in ivotage life of 64 48 jears which is not com 
liaiahle with our Landed Gentrys sons s iriivnig 20 with an average 
life of 60 915 > CHI s but with that of then f ithci s »i , 65 98 yo irs We 
do not think thoiefoie that pironbige in piitieulai matoinit> cone 
spunds to any shortening in the expeetati in of lift J hus repi odu( tive 
selection appears to indie ite i real incieiso m the expectation of life 
Such an uiereased expoetalion of life is nsuilly enninderod to have eome 
into existence duniig oui (oiitury owuig to bettor sanitiry eonebtioiih, 
greatei euro of the sick and invalided Ac Ac Its exact ostinmtion is a 
matter of some difficulty Yk o hiwl H G P Noison J working on tho 
Kegistrii Oonenil s returns lioforo 1841 giyob (Table D, p 8) expecta 
tions of life fioni 10 ycais onwmds lor males of 20 and 25 his mean 
durations of life at e 60 69 and 62 35 , foi females of 20 and 25 61 60 and 
61 36 rcspectiy ely These ai e not sulistantially less than tho Begutrar 
Generals returns for 1881 to 1890 which gives males 60 27 and 61 28, 
females 62 42 and 63 50 respectively In fact, the males show reduc 
tion If we stick to the Begistiar Generals returns is given foi three 
different pouods, and presumably more eomparable with eich other 
than with bieison s woik, we have tho following results — 

• 'Roy Soo Ptoe toI 8i p 807 

t Tho ayerago age at death ot mothen miut m our case olosely giro tho espoeta 
tion of life of rromen of 80, for there are few laamaget below SO and we hare u 
onr tables mdudsd sU csiss of stsnls snioiM 

$ Oontnbntioni to Vital Statuties,' London 1840 
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KxpocUtion of Life. 


m) 1)1 I 41 a'l 
39 4H to-2!) 
30 12 37 04 


U 36 I 44 02 I 43 60 i 47 IK 

30 to I 41-66 I 40 27 { 42 42 

35 OK , 37-98 36 28 ' 38-50 


Hole then- 1 -. an im.iea'<cd expotUtioii at Inith for males, Inil \eiy 
hraall iiicn>HM?f. between the hrst and last periods at 20 and 25. For 
females there is an inimcnge increase at birth and sensible increase in 
the othei lases. Possibly a good deal of this may la* due to more 
cx«i(.t retunib for the ages of women lx>ing now obtaiiuible 

If we take the earliest Table of the PioiNtbilities of Life, that 
deiluced bj J P,, F.K.S., for the bills of morUility in London for 1728 
to 1757, and printed in the work cited on column 5, we find the number 
of deaths of 1000 peiaoim Ijorn given for c.uj1i year of life, male and 
female being combined. According to the licgistiar-Oenorars returns 
tor 1881-90 of 1000 iiersons liorii, 728 sun-ivo to 20 and 709 to 25, 
but from .1 P.’s table only 480 suniio to 20 and 448 to 26 This 
tremendous moitality of infancy and youth was probably largely a 
•.elficltie death-rate We find acconbngly the exportation of life at 
birth to lie only 25 59 years; at 20, howoior, to be 19’66 years ; ami at 
26 to lie 51-30 years.* Those losults are fur London, not for 
England in general, but making all possible allowances for the- 
differoneo lietwoen city and country, they suggest a most stringent 
selection. An increased expectation of life at birth of anything 
like 26 years in loss than two centuries could not lie achieved even 
at the American lato of two years per generation. Nor is it possible 
that the whole of the increase in the Kegistrar-Uoneral’s returns for 
expectation of life at birth for the jieriods 183K-54 and 1881-90—an 
increase of somewheie about four to five years—could lie duo to repro¬ 
ductive selection, luiless we suppose the correlation Ixitween age at 
death of minors and of their parents to be considerably greater than 
0‘1682. On the other hand, if we confineil our attention to adults of 20' 
to 25 of both sexes, wo have, roughly, an increase of about a year in 
the expectation of life, and this result with nine months per generation 
could easily have been reached withm the two-generation period in 

• We do not know how J. P.’s tsbia was dsducsd, but wo got the abOTo- 
Msnlts by sroragiiig the years lired by tboto surriving st any ago out of the lOOO 
bora. 
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Generally, wo may eonelude that the data are not very 
suiUilJo for real purposes of com])arison, but that there is nothing in 
them opposed to the suggestion that a sensible part of the increased 
duration of life ol this centiu'y may be due to the iiihontance ol 
loiigonty and the (oirelation ot longevity with fertility Further 
deterniination of the inheiilunee of iluration of life in the case of 
minors may help to throw additiuiial light on the matter 

7. The follow mg method ot illustiating the influence of longevity on 
fcitility may servo to inipicss the matter on the ro.uler — 

In Series I the loiiger-livcil moiety of the rnotheis produce Ct 0 pei 
cent, of the chihhen, and the shorter-livwl moiety 36 0 jicr cent 

In Sciics III the longei lived moiety of the lathers prodiuc Cl 1 jiei 
cent, of the childieii, aiul the shorter livetl moiety 38 9 per cent 

In Series II the longer lived moiety of the mothers priahice .65*2 jier 
cent of the cluldien, and the shoiter-hvcd moiety 44 8 per (ont. 

In Senes TV the longei-lived moiety of the fathoib proiluce 53*5 per 
cent (if the ehildien, and the shorter-Iiv'ed moiety tC 5 per (ciit 

Thus, wliilo the results arc all veiy aensiliJe, those for th»‘ American 
jiareiits are markedly so. In larth American and English stitistics the 
influence of longevity on the foitihty ot the mother is greater tliau its 
influence on the father 

8 CoiuliuiiiKi —A somewhat widespread view of evolution 

stojih at the simvival of the titter without discussing the mode whereby 
the less fit leave no, or fewer, offspring than the fit Of course, if the 
unfit are exterminated before adult life, theic is no chance of their 
reproducing themselves. It has lieoii shown in the second paper of this 
senes that a selective death-rate docs exist for adults, so that the whole 
work of selection does nut take place liefore the reproductive stage is 
reached. But Miss Booton’s data foi the correlation of duration of life 
in the case of brethren dying as minors seem to show that the selective 
death-rate for children is rather less than greater than its value for 
adults.*^ Hence, for the reduction or extermination of sUs k imsiutod 
to its environment, we should have to look largely to selection in the 
adult state. In the present paper we have made what wo believe to bo 
the first quantitative determination of how a selective mortality reduces 
the nuniliors of the offspring of the less fit relatively to the fitter. In 
the case of life under w^d conditions, the cui relation between fertility 
and power of siu-viving would probably be far greater. But for such 
life it is almost impossible to get statistics of this nature ; wo are thrown 

* T1i 6 matter u atiU under inTeitigation, so that this ooncluiion is stated subject 
to modiflcatiun. Of eourse, the selective death-rate among children may largely 
remove Uioae not weak from laAeritsd conatitution, but by jAysioal or pbyaiolo- 
gioal aoeident. Xlicse our method of inTeatigstion would throw into the non- 
•eleotive death-rate. 
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Iwok upon mcasurinfi; the effect in man, and thus ubtaimng what may 
well be considered as a minimiini value of the influence under dis¬ 
cussion 

In the course of our investigatioiii ne have seen that the relationship 
lioiwcen fertility and duration of life does not cease with the feiiind 
jieiiod. Wo thus reach tho important result that chameters which 
liuild up a cunstitiition fittest to survi\o are also charactei’s which 
encourage its fertility. This result is of gre<it value from the standpoint 
of tho diffcientiation of type, whcic it is absolutely neressary that the 
fittest to survive should also be tho most fertile * On tho other liand, 
we note that duration of life is a character lajiablo of modification by 
rejirrtluctivc selection, and we suggest that a consideralile pii t of tho 
increaseil expectation of life olwei ved in recent years may Ijo due to 
this cause In tho lase of the Amoiican statistics, wo see at onto how 
It can repbice a remarkalily shoit-lneil stock by a longer lived stock, tho 
bulk of tho offspring coming from tho longci lived momlici’s. 


* The Gnunmar of Scinire,' leeond edition, pp. 448 -0. 



Table V —Mothers iiwl Otl 


172 MissM Beeton Mr G U inle ami I’lof K Pearson 
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Oflfpnng totals 
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I'^O A. Gray, Mr. V. J. Blyth, and Mr. J S Dunlop. 


“ (3n tlie Effects of Changes of Teinperature on the Elasticities and 
Internal Viscosity of Afetal Wires" By Andiikw Giuy, 
LLl), EES, Piofessor of Natural Philosophy in the Uni- 
vorsity of (rlasgow, and ViNCfcNT J. Blyth, M A, and Jamrs 
S. DuNixir, M.A, BSc., Honldswoilh Eeseaich Students in 
the University of (lloagow. Received ^lay 24,—Head .lune 
21. 1900. 

At the outset the object of this ini'estigation was to dotemiiiie the 
variation, piodticed by nse of tcm{>orature, in the ngidity-modiiliia 
and in the Young’s modulus of wires of dilferent nietuls, but the olwor- 
vations made for this purpose yielded what seeniwl to us interesting 
information as to the viscosity of the siibstiucos oxamineil, and led to 
an extension of llio researth. Ilciotoforo but little attention seems 
toh.»o been paid to altoiation of rigidity with temperature, though 
he vend lesults, of apiiaiontly very different degrees of value, are 
available for Young’s niodiiluh The earliest of those are pioliably 
those of Weitheim’s expenmonts,* but on account ol the smallness of 
the (lumititiob oliservod it is not possible to regard them as even iic.iily 
correct. 

Experiments were maile alxnit 1870 by F Kohlrausch imd F K, 
Loomis, t After referring to the difficulties attending the mothoil 
adopted hy Wcrthoim, they remark- “All those difficulties disappear, 
however, and at the same tinje tlio most accurate method of oWrva- 
tion is olitainod, by employing foi investigation the toi sion elasticity, 
whose choice is further to lie recommended from the fai t that torsion 
IS so generally employed in moasuronients If a wire is loaded with a 
weight and set in vibration about its v'eitical axis, the reciprocal value 
of the square of the time of vibration affords a direct measure for the 
coefficient of the torsion of the wire Since oliscrvations of the period 
of vibration are among the most accurate known in physics, the vana- 
tioiis of elasticity may lie thus determined with all the rigour do- 
sirable.” 

The authors seem here to indicate that the investigation of torsional 
elasticity would )deld information to lie compared with that obtained 
by Werthcini fur Young’s modiiliis, and this impression is confirmed 
hy the remark which occurs later, that the results obtained “show no 
trace at all of the remarkahle phenomenon of a maximum, alluded to 
at the beginning of this article, which would seem to lie indicated for 
iron by the investigations of Werthoim.” The Young’s modulus is an 
essenUally composite one, involving both the rigidity-modulus and tho 

* 'Annalai do Chimie et do Pbyiiqne,' tome 12,1844. 
t ‘ Fogg. Ann bd. 141,1870, or • Amor. Joni. Sei.,’ toL GO, 1870. 
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bulk-moduliu, And it is irapossiblo, except on strict experimental evi¬ 
dence, which has not so fur Ijeen forthcoming, to suppose that there is 
any invariable numerical i elation Itetwcon the two latter moduli. 
Werthoim, it may be rumarked, imagined that ho had found eridence 
of an increase of the Young’s modulus from 0 C to 100 C. and a 
diminution from 100 C. to 200“ C. This lesult is negatived, as 
Messrs. Kohliaiiwh and Loomis notice, by the fact th.it if “two 
tuning forks an' in vibration, and one of them is heated, the number 
of vilirations changes in the manner demanded by the ussumptioii of a 
decrease of olastn ity for increasing temiioratiires.” 

It was found by Messrs Macleod .uid Clarke,* in an oxponinoiit on 
the ch,inge of freiiiieiicy of a tuning folk produced by .ilteration of 
tempci.ituro, that the iiciiod w.is increased by the fraction 11 x 10’® 
for one degree of rise of tcmpciaturo Thu .miouiit of this change due 
to exiiaiision w.is very small in comp.irisoii with that duo to diminu¬ 
tion of the Young’s modulus. For the linear expansion of steel is 
about 1'2 X 10 ''pel degree, .'iiid as the peiiod of a fork is altered in 
the (Uioct r.itio of the sqiiate roots of its conosponding linear dimen¬ 
sions licforo .ind after the evjiaiision, if thcie is no ch.mgo of modulus, 
the period w.is augmented by the e\p,iii8ion, by the fi action O’C x 10~® 
for each degree iiso of temperature. Hence the increase of period duo 
to diminution of the Yoiuig’s modulus was alKjul lO't x 10 '' for each 
degree rise of tempeiatiire. And as the puiiod is inversely as the 
square loot of the Young’s modulus, the traotional diminution of the 
Young’s modidus must have been twice this amount or 20 W x lO"® for 
each degree n’se of tomporatim* It will lie soon below that the 
change of Young’s miMluliis for mild stool is, ncconhng to our experi¬ 
ments, a elimination of aliont the same amount, though no doubt the 
change may l>o very chlieiont for different specimens of material. 

In the ‘ Plulosophical M.igazino’ for Juno, 1890, Mr. U. A. Shake- 
spear has (lose rihod an application of an interference method to the 
investigation of Young’s mcKlulus for wires, and has given values of 
the tempei atm o changes found by moosurements made in this way. 
Thus it was found that the final value of the Young’s modulus was for 
copper, iron, steel, and hard hr.W8 lower at the higher tumporature 
than that at the lower temperature by the respective percentages 3'6, 
1'6, 3'2, and .3. Also it was noticed that ropoatod heating and cooling 
of the specimen seemed to produce an augmentation of the tempora- 
tiinKhange of the imslulus, the material apparently settling down to a 
steady state. 

The method adopted liy Mr. Shakeepoar was to elongate the speci¬ 
men of wire (which was in each case about 28 cm. long and 0‘75 mm. 
in diameter) by applying a weight of about 2 kilos. The elongation 
changed the difference of path of two rays from the same source, and 
‘Phil, onwot.,’ TOI. 171, Fart 1,188a 
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80 produced a chuugo in the nnmbor of interference bands, which 


measured the ictardation of t 
elongation was thus moosuieil 
which passerl acioss the field of vi 



ray relatively to the other. The 
the number of iutorfereuco baiifls 
w of the observing apparatus. The 
weight lieiiig kept hanging on the 
wire, the temperature was alter- 
- iiately r.ii«j<l and lowered a num- 
Itcr of tunes until the nuinbei of 
Imndb me.isuring the change lie- 
tame appioxinutely constant. 

It was noticed that the first 
be.iting jirtKliicccl a dimiimttoii in 
tlie iiutiibci of btuids nieasuiing 
thoolong.Uion, and the siicceetliiig 
iic.ituigs an increase which finally 
bettled down to a constant value. 

In our experiments the mothotl 
.idopted was entirely difforont. 
The specimens were wires of radius 
varying from about 0 036 cm. to 
0 06 cm ,aud each hatl a length of 
.ihont 5 metres. The exact dimen¬ 
sion*. are given in the tables of 
lesults liblow. The experimental 
airangement followed m the case 
ot each wire was practically the 
same. 

The wiie was hung vertically in 
the lalioratory from a plate at the 
(op screwed firmly to the lower side 
of a wooden lieam in the ceiling. 
The upper end was secured by 
lieiiig passed through a hole in the 
plate and firmly soldered at the 
Iwck. The wire passed along the 
axis of a double-walled tube or 
jacket (fig. 1), consisting of two 
coaxial cylinders of tin-plate of 
diameters 3'6 cm. and 5 cm. re¬ 


spectively. The upper and lower 
ends of the jacket wore cloeod by corks, through which the wire 
looeely passed. A scale-pan weighing about 4 lbs. was hung on the 
lower end of the wire to receive weights for the stretching expm> 
ments, and served when no other wei|^ was applied to keep the wire 
taoL 
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bteuD was generated undei almospheiie pressure in in oidmoiy 
boiler uid was ltd into tbe uppei end of tiu space by h it is called 
in the dug! im the s lui epi|)e while uh it rein lined nncondensed 
esc iped I j the suik pipi 1 elow It m is found th it the spate m 
which the Miic hun^ was thus heited ti i f inly uinfoim tompui ituie 
Jhis temperature w is ditci mined ly imaim of foui therm) elcctnc 
eouplesof ctpjKsr in<l (tciii uisiher tlu ut ingcmeiit of which is shown 
infig 2 Vtirmansihc niu jiissis ih ^ihi i\nKi«i i cl sc tithe 


Fia 2 



Wire under test, and four coppei wire* are soldered to it at inten als os 
■hown These copper wires are led out idong the axial space m which 
the wire hangs Junction (1) u 26 cm from the top of the jaolo^ 
innetitm (2) 160 cm. lower down, junction (3) 160 cm still lower, and 
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junction (4) 25 cm alwve the lower end of the jacket. An arrange¬ 
ment of mercury cups enables any of the thermal junctions to bo 
brought into the circuit of the galvanometer and the cold junction. 
Care is of couise taken to ensure that the wires leading from the junc¬ 
tions to the galvanometer aio never in contact with the inner wall of 
the heating j.icket oi with the wire. 

Each thonno^loctric couple befoio use, and from time to time after¬ 
wards, was <-arefuIly calibrated in the usual way by compaiison with 
thermometers placed with the junctions in water, the temperature 
of which could he ronvoniontly altered through the range over which 
the experiments extended. The lesults were expressed in curves fiora 
which the temperatiues ot the junctions were olituinod in the experi¬ 
ments. The honsitiveiioss ot the galvanometer was such as to give 
aliout eight diviaiona dofloctiuii per degree of difference of temiwrature. 
This urratigcmont woikod satisfactorily; but in future experiments it 
will prolMbly lie roiilaccd by a pl.ttiimm thermonietei. 


IhUimmihoHs Ilf r<nivi/'> Mmhihc^, 

Experiments uoio made for each wiie, first as to the variation of 
Young’s modulus with tempeiature, next as to the variation of the 
rigidity modulus with temperature, and, in connection with this latter 
determination in each case, of the rale of dying out at the different 
temperatures of toruioiwl oscillatiuns The results of the last-men¬ 
tioned obsen ations aro, wo think, very interesting, but wo give here 
in the first place the information obtained with lugard to Young’s 
modulus. 

A scale-pan, weighing aliont 4 IIh., was attached to the wire and 
loaded to such an extent as not to produce gradual increase of length 
of the wire. A small reading-microscope, with a convenient scale in 
its eye-piece, was rigidly mounted on a heavily loarlod table i eating on 
the Bobd stone floor of the laboratory, and was focuhsed on the point of 
a very fine needle soldered to the wire just liolow tho lower end of the 
boater. The needle was sot so as to be as noaily as possible at the 
proper end of the scale to give a displacement along the scale when the 
weight was removed from the wire A similar arrangement at the 
upper end served to determine the amount by which tho support 
yielded with different loads. This microscope was suppoited on a 
horizontal board firmly attached to two massive roof-girders at a 
distance from tho beam to which the wire was suspended. 

Enough Of the load was then removed to cause the noodle to traverse 
nearly the whole length of the scale, and tho readings of the top and 
I)Ott<an mioroMiopes were observed. A series of readings for weig^tB 
on and off we^ first taken at the ordinary teraperatore of the nxHn, 
and again after steam had been Mown for senne time through the heat^ 
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iag jaokot. Tho tempotuture of the internal apace waa obeorvod lieforo 
and after each aoiiea of rotuliugB, and in moat caaes also while tho Berios 
of oporHtions was in progress. 

Tho distance liotwocn tho noodles was measured at tho lower tem- 
peiatuio , tho distance at tho higher temperature waa obtained with 
sufficient accuracy from tho diffiarence of temperature and the result of 
a dotormination specially made of tho coefficient of linear expansion 
of tho wire. 'This coefficient was determined dunng tho heating of the 
wiie, and, as the change of length was licyond tho lango of tho micio- 
scope scale, a scale waa fixed liehind tho lower needle, and tho increase 
of length read off on it by moans of a telescope. Tho radius of the 
wire was determined after tho wire was finally taken down by moans 
of a micrometer from twenty readings taken at different points by each 
of two observers. 

Tn two r.utixi (wires II and III) tho radius was determined by careful 
weighing of tlie wire in air and in water, and tho lesidts so obtainoil, 
properly coirectcil, agiood wdth those got by tho miLiomotor method to 
within I’g per cent 

Experiments wore made for tho following wires; -1, (lerman silver; 
II, mild steel, III, br.iss, IV, copper (commercial); V, copper (hard 
ilrawm electrolytic), VI, soft iron. At fiist everything dul not work 
quite famouthly, the airangcmout of the microscopes requited a little 
adjustment, and the determinations of miKluli for I were somewhat 
doubtful in point of accuracy, and for IT wore ceitainly m error. The 
apparatus was, how’cver, got into thorough onler lieforo the experi¬ 
ments on III weie Iwgnn, and those on II were thereafter repeated. 
Tho following is tho table of results for Young’s modulus, in which is 
included the value obtainoil for German silver, notwithstanding the 
<loubt as to its correctness, and tho later value for mild stool, since 
there were good grounds for rejecting that obtained at first. Tho radii 
given in column VI wore calculated for tho higher temperatures from 
the expansions observed The results of three separate determinations 
are given for tho wire of soft iron (VI). Each elongation was obtained 
from the mean of about ten separate observations, agreeing to Ims than 
0‘6 of a microscope division. The elongations wore obtained in micro¬ 
scope divisions, the value of which was 0 006948 cm. 

Tho difference between tho seconil and thud values of tho coefficient 
of diminution for soft iron and the first of tho three values, depends 
upon 0'2 of a microseopo division. The degree of accuracy to which 
the deflections could be read was to O'l of a division. The lower 
value, O'OOOlSfl, is probably more nearly ooiroct than the higher, 
O-OOOlflr. 

Comparing the results with those obtained by Mr. Shakespear, re¬ 
duced for comparison, we have for steel 0*000247 as sgainst his 
0*00088, for brass 0*000878 as against 0*000362, for copper (electro- 
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CoofficiontB of Diminution of Yoimjj’s Modulus with Teuipeimuro. 


Wire 


1 

1 Diffeieiios 
Diffcrcmc 1 of 

leiajirnit ure 

Coefficient of 
Oimiuutinn 
of modulus 
per unit per 
denrei* C 

T 

1-3048 

0 031.-> 

00 0 

0 000.S07 

II . 

2 127U 1 

0-0310 

61 8 

0-000247 

Ill 

1 0257 1 

0-0287 70 8 

0 •000878 

IV . 

1 1132 

0 0120 

71 0 

U 000156 

V . 

r(«)... 

1-2061 

1 •545 

0 041(> 1 

0-0288 

73-7 

78 3 

0 000436 
0-000107 

VI \ (41 . 

1 (0 ... 

1 3G7S 1 

1 553(1 

0-0155 , 73 0 

0 0108 77 8 

0-000186 

0-000186 


ytic) 0 0001.'50 .18 Hg.uust 0-000411: for “<i spocmicn of copper,” Jiud 
or soft iron 0 000106 as against 0-0001.'>7, ho that there is f.iir agree 
nent. 

The difference lietwoeii the cuoiiiciuiits for commercial copper (which 
was ordin.iiy copper wiie of the kind used hy lioll-hangem) and electro¬ 
lytic copper IS very gi eat, hnt it is not more striking than t he difference 
Iwtween the electric conductivities of the two materials 

It was thought dosiruhlu to make a series of determinations for soft 
iron with the view of finding nhothor any progressive change duo to 
alternate and repeated heating ami cooling disrloscil itself iis m Mr. 
Shakespear’s experiments. Nothing of the nature of change of sign 
(see Mr. Shakespear’s paiwr) was oWrvod, though there was somo in¬ 
dication of a diminution of the coofKciont. 


Experiments oh the Uigiditif Modulus, and Obaermtions on the lutei mil 
Viseosilif of the JViies. 

Experiments wore made on each wire, as has been stateil above, to 
determine the change of rigidity produced by the alteration of tem¬ 
perature. These experiments were made by the torsional oscillation 
method. Cylindrical vibrators were attached to the wires such that 
the moment of inertia of the vibrating system was practically that of 
the cylinder only j and observations were made for each wire with two 
separate vibrators of different weights, except in the cases of German 
silver and steel, for which one vibrator only was used, and electrolytic 
copper, for which four vibrators were used. 

The length of wire useil was, with the vibrator attached, about 
SOS cm. in each cose. The lengths and radii at the different tempera¬ 
ture were calculated from the expansions as in the Young's modulus 
e:i^«riments. The results of the experiments are given in the following 






188 I’rof. A. Gmy, Mi. V. J Blyth, ai«l Mr J S. Dunlop 


Wire. 


1 0crni«n iilver. 

II Milditoel . 

III Br»M. 

IV Oopper, oonitnaroul. 

V Copper, hard drawn, dec- 
trolytio 

TI Soft non . 


1 Weight 

I Tibiator 


18 7 
18 7 
• 12 7 
L 8 1 
: 12 7 
[ 18 7 
f 12 7 
18 7 
24 7 

c 12-0 

I 18 0 

L 240 


27 19 
27 05 
36 71 
30 12 
60 2'» 
60 71 


20 81 
21 07 
26 61 
25 98 

16 6)3 

17 20 

20 25 

21 »S 

23 23 

24 6 


Kodulon in 
I Tamp. 1 10“ dj’net 


I 


per Rq om 


7 3 -4266 

3 3 3033 
0 7 0648 
i 7 7701 

4 3 5610 
7 8 4015 
I I 3 4066 
0 3 8214 

3 4 4S22 

4 I 4 3549 
1 ' 4 3440 
0 4 2230 
0 4 2506 

7 3 0402 
3 4 1908 
1 8 7692 

8 4 1994 
8 8 7306 
6 8‘2866 
8 8 0126 
0 8 0016 
•8 7 7601 
0 8 3800 
1 7 0003 


The following table showb the coefficient of diminution of thoiigidity 
modulus as deduced from the losiilte giien in the last table.— 


Wire 


VI, 



t ueOlcient of diminu* 
tiuii ut rigidity per 
umt per degree C 


0-000628 


0 (XJU247 
0 000<i02 
0 000418 
0 00111 
0 00140 
0 OOlbO 
0 00041 
0 00064 
0 00087 


With reapeot to this table, it is to bo observed that the reeolts for 
•oft iron and brass agree fairly with those obtained by Koblrausah 
and Loomis for those metals, which were coefficients of diipfnwtfnii 
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0'000447 aiid 0'000428 respectavely. The result given above for com¬ 
mercial copper agrees also moderately well vnth that obtained by these 
experimenters, vie., 0-000520. Bat here, as indeed in nil the substances 
examined, the differences in results are not surprising, in view of the 
probable difference of coinpusitiun of the spetimons. 

The great excess of the coefficient in the case of hard-drawn pure 
copper above the value for commercial copper is very noteworthy. It 
will be interesting to oxtmiine, os wo propose to do immediately, the 
behaviour of cupper wire soft drawn as well as hard, and to trace the 
effect, if any, of icpcatod he<iting and cooling. 

It was noticed that the rate of dying out of the torsional oscillations 
was veiy ibffcront at the different tcia{)oratnrea, tieing, except in one 
ease, that of (lorman silver, very much more rapiil at the higher tem¬ 
perature than at the lower. This is unilonbtedly the effect of a con¬ 
siderable increase of the intcin.il viscosity of the wire with rise of 
temperatuie, for no practical difference existed in the immediate sur¬ 
roundings of the vibrator, which of course was the part mainly affected 
by the air in the vibrations. The top of the cylindrical vibrator in 
each cose was aliout 8 cm. below the lower end of the ho4iter, and the 
length of the cylinders, which wore of brass, varied from 7 to 13 cm. 
There was no appreciable change of the (dr-teniperaturo at the vibrator 
produced by the heater. 

This difference in the rates of sulisidonce of the torsional oscillations 
seems to us very remarkable, and, so far as wo know, has not been 
observed before. It is shown in the (hagrams numliorcil 1— VI. 

[Note added dime 20, 1900.—The change in rate of subsidence pro¬ 
duced by alteration of temperaturo had, we have since found, been 
observed by Streintz and by Pisati (‘Pugg. Ann.,’ 153, 1874, and 
‘ Qaszotta Chimica Italiana,’ 1876, 1877, also ' Sitzungsb. d. Wien. 
Akod.,’ Ixxx, Abth. 2, 1879). In the first and last papers here cited, 
Streintz gives an account of his own work and of that of Pisati, 
principally as bearing on the effect which ho called “ Accommodation.” 
In certain wires, e.g., stool, copper, silver, brass, and platinum, 
examined by Btreintz and Pisati, a marked diminution of rate of 
subsidence was produced by keeping the wire for a considerable 
time in continued torsional oscillation. 'ITiis is contrary to results 
obtained by Lord Kelvin at an earlier date, 1864-6 (Art. ” Elasticity,” 
' Collected Papers,’ vol. III). 

Siaoe learning of the investigations here referred to, we have b^gun 
to extend our experiments to the question of “ fatigue of elasticity,” 
and have found that the rate of subsidence appears to be, in some 
eases at least, a function of the temperature and of the amplitude of 
vilvstioa. It seems possible thus to reconcile tiie disoordonce o£ re¬ 
sults tons referred to, and we hope to make a communication on the 
suldset at an early date.] 
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In each cmvc the ibscisstt ate amplitudes of vibration in degrees 
and the oidinates which uc di iwn downwards m each case, are the 
numbers of si^in^a that have lieen completed fiom tho inst uit at which 
the 'unpbtulc was 80 the laigcst amplittile of swing used in the 
obstrv itions of jicno b Ihc tempciaturos irc m irke 1 on each diagram 
toi the severil t lives C lives (1) ar I (2) f dugi im (I) represent 


Dl 01 AW I 



the obseivations mule in Gum in silvoi it tho lowoi and higher tern 
peratiues respectively stated in the iliagram It will be seen that the 
late of dying out of the amplitude is distinctly foster it the lower than 
at tho higher tempeiaturc Iho lovoiso was found to be very 
markedly the case in all the other wires examineii 

In mill stool at 17 C the oscillation as shown by the curves of 
(bagram II has fallen from 80 to about 55 in 20 periods, while at 
89 4 C the amplitude has fallen to 40 in the same tune After 60 
periods tho amplitudes were rospeotively 21 ind 13 The logantii 
mio decrement is practically constant during the subsidence at the 
lower temperature At the higher temperatme tho logarithmic decre¬ 
ment dumiushes in the ratio of about 76 to 60 
In luass, for which the diffiueat vilnratorB weighing 3 4 lbs and IS 7 
lbs restively were employ^d^ the rate of subsidence wm dsterauned 
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at the two toraporattires (16'1* C. and 87* C., and 16'4° C. and 
87*7° C), first with the lighter vibrator, then with the heavier. 

DlAORillf II. 



Curves (1) and (2) of diagram III give the the first two sets of results, 
(3) and (4) the second. It will be seen that the siiljeidence with the 
Wvier vibrator was more rapid at each temperature than with the 
lighter vibrator. The loganthmio decrements are practically constant 
throughout each of the two curves. 

A question arises here, which further experiments are being made to 
answer for the difiorent wires, os to the effect of repeated heatings and 
coolings on the rate of dying out at any one temperature t Some 
effects of this kind appear to ^ visible in the results obtained for one 
or two of the other wires experimented on. 

Three pairs of curves are given in diagram IY(a) for commercial 
oopper, and were obtained with a 3*4 lb., a 12‘7 lb., and an 18'7 lb. 
vibmtor respectively, uid in this order. Here it will be seen that the 
rate of sub^ence is greater with each vibrator in the order of its 
weight; that is, the larger wei^t in each case corresponds to a 
^(reatsr rate of stdisidenoe, whether the temperature be the higher 
or Iow«r of those used in the experiments. Also the rate of sub* 

VCMkLXVn. p 
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sidenoe ii in each case greater at tiie higher temperature than at die 
lower. 

It was observed by Lord Kelvin that increase of period as well as 
increase of stretching force affected the rate of subsidence, these 
effects being opposite. The effect of increase of stretching force 
increased the rate of subsidence. The effects of increased mass of 
vibrator given here are therefore mamly those due to increase of 
pull in the wire. We are, however, arranging to alter the period 
without altering the pull, and to alter the pull without changing the 
period, by using suitable vibrators. 

There is one characteristic of these curves for commercial copper 
which was shown also in the case of soft iron, Imt which does not 
appear in the other experimental results. The falling off of amplitude 
goes on very quickly in curves (3) and (4), and (6) and (6) in such a 
way that the curves ate almost straight lines, until the amplitude has 
come down to only some 3 or 4 degrees, and then the subsidence 
becomes comparatively slow. The curves for the 3 lb. vibrator show 
at the low temperature a logarithmic decrement increasing in the 
ratio 27 to 60 as the amplitude falls from 80° to 24°. At the higher 
temperature the logarithmic decrement is practically constant. 

DueoAH IV(i) 



Diagram rV(6) shows subsidence at four temperatures which, taken 
n the order in which the experiments were made, were 10'2*, 51*1*, 
S3*8*, 78‘4° C. In this diagram 160 divisions of abscissa represent 34*. 

Diagram \{a) gives the rates of subsidence for pure electrolytic 
Mqiper at temperatures 23-2' and 92-1° with the 3 lb. vibrator. Here 
there is no sign of the change of character of the curves of subsidence 
It low amplitudes which has just been noticed. The curve of subsi- 
iMice at the higher temperature is indeed nearly an exponential 
turve at all amplitudes less than 20°. The curve for the lower tem¬ 
perature shows a logarithmic decrement at first somewhat quickly, 

p 2 
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diminuhing then more slowly. The initial and final ralnes are in the 
ratio of 73 to 44. 

Diagrams V(fc), V(f), V(ei) are the curves of subsidence at two tem¬ 
peratures—for the 12‘7 lb. vibrator, the 18'7 lb vibrator, and the 24*7 lb. 
vibrator respectively. It will be observed that the curves of sub¬ 
sidence are nearly alike in the two sets Y{h) and V(c), only a very 
slight ilifferencc in the direction of faster subsidence with the heavier 
vibrator lining visible. The curves of subsidence at the higher tem¬ 
perature with the 24 7 lb. vibrator show distinctly more rapid sub¬ 
sidence at the loner temperature than in any of the other throe cases. 

Diagram VI shows the curves of subsidence for soft iron. Curves (1) 
and (2) were obtained with the 12-7 lb. vibrator; the former curve 
gives the subbidence at the lower temperature, the latter at the higher 
temperature st.ited in the diagram. It will bo oliseivcd that the rate 
of subsidence at the higher tempoiature is very much greater than at 
the lower. These two seta of experiments were made in direct suc¬ 
cession to one another on May 15. 

Next, oil May 16, two sots of experiments at temperatures 15°-6 and 
C. were made with the 18*7 lb. vibrator. The results of these 
are shown in cur\e8 (3) and (4). Between these curves there is a 
much smaller difference than between (1) and (2), though the tempera¬ 
tures were veiy' nearly the same. 

The high-toiii]ierature experiments were repeated on lioth days with 
reproduction of practically the same curve. 

After twenty-foiu hours noarly had elapsed the experiments at the 
lower temperature wore repeated with the same vibrator, when the rate 
of sulieidence was found to be much slower at 13°-6 C. than it had 
been on the previous day at 16''6 C. 

On May 18 two curves (5) and (6) were obtained with the 24'7 lb. 
vibrator at the respcctivo temperatures 16" C. and 96°'l C. Curve 
(6) does not differ very widely from the curve (4) obtained on May 16 
with the 18 7 lb. vibrator; but the curve at the lower temperature 
lies much to the right of that (3) obtamed on May 16 at the lower 
temperature, the companion curve of (4). 

All the results in curves (3)-r(6) show rates of subsidence lying 
between those shown in (1) and (2). Curve (1) is approximately 
exponential. It will bo obiwrved alro that ourvos (2) and (4) show 
the somewhat rapid change of direction when the amplituc^ have 
become small to which attention is directed above in connection 
with commercial copper. Curve (6), however, obtained at 95*1* C. 
with the 24*7 lb. vibrator, shows no such change of direction; but a 
considerable part of its curve, after the amjditude has been reduced 
tp about 10* C., is approximately exponential in character. AU tiie 
ourvea except (1) and (4'), however, show very marked diminuthm of 
rate of subsidence at the lower amplitudee. It seema certain that 





•9uim£ 


196 On tht EffeeU of Ohatigea of Temperaiure on Metal Wvrw 


Diaabaic T(p) 



Ci^rm\ 


atafvl 






On the EUd^'wd Ero^xt* of Dtffermt Kinds of Glass 197 

Diaskax VI —Soft iron 



the Buccewivc operutims have hul a eon^uluralle efToct on the 
behaviour of the wire and expeiimonte are lieing ni ide to elucidate 
thu effect ae far as possible 

Some other points of interest which weie obscnel m these ozpen 
ments tre reserved for furthei investigation in % continuation ot the 
woik now in progress 


On tlie C nnnoction between the hlectncal Propertiee and the 
Chemical Composition of Oiffeiont Kinds of Glass Part II" 
By Piofebsor Andrew Gray ILD hllS and Professor 
Jamfs J Doiibis MA DSc Keceived May 25 —Bead 
June 21 1900 

In a former paper* wo described expemnents on the eleofnoal 
quahties of iqiecimens of glass of which the ohenuoal compontion was 
detennined by analysis Besults were given for a lead potash glass 
made by Messrs Powell and Sons, of London, a lead potash giaas made 
hy Meim Schott and Co, of Jena, a banum j^ass, and a smcHKxla 
^a«i(**Jenag}aw”), both made by Messrs Schott and Go Tnieee 
* ‘Bey. aoA PmHo 190, April 90,1808 
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•pecimons are referred to in the paper by the numbers XXI— 
XXIV. 

We have now to communicate the results of some further experi¬ 
ments. the object of which was to throw light on various points which 
ha<l arisen in connection with the previous experiments, and to afford 
information as to whether the resistance or capacity of the gloss was 
affected by the process of annealing, or varied with time, lie speci¬ 
mens here referred to are numbered XXV—XXXII, and were all 
made, as nearly as possible, according to a previously prescribed com¬ 
position, and in the form of flasks, with long thick-walled necks, 
adaptcrl for experiments by the direct-deflection method formerly 
employed. Full particulars of the different specimens ore given in 
Table I lielow. 

The method of experimenting and the method employed were the 
same as those desenbod in our former paper. The chief sources of 
error which had to be guarded against were, as Iiefore, surface conduc¬ 
tion, duo to moisture on the stuiace of the glass, and leakage at other 
parts of the apparatus, due to the want of perfect insulation. The 
most careful watch was kept thionghont the experiments against the 
possibility of inaccuracy from those causes, and tests were made in 
connection with each determination to make sure that everything was 
working correctly. 

27tc Ifesitiance ExperimenU. 

Only a few days lieforo the meeting of the Koyal Society at which 
the paper referred to above was read, a rough test was made of the 
resistance of a flask (XXVTI below) made for us by Messrs. Powell 
and Sons, which had approximately the same composition as Specimen 
XXI, the potash, however, being replaced by soda. It will be seen by 
a reference to our former table of results, that XXI was a lead-potash 
glass of very high specific resistance, certainly above 16000 x 10*® at 
ISO* C. It was anticipated from our experiments that the substitution 
of soda for tbe potash in this glass would very greatly diminish the 
speoiflo reeistanoe, and it was stated when the paper was read that 
this conclusion had been verified. More accurate determinations made 
since that time have confirmed this result, as will be seen by a com¬ 
parison of Table I with the table given in the former paper. While 
XXI had the resistance at about 130* C. quoted above, the speoiflo 
reeistanoe of XXVII at about the saine temperature was only 136 x 
10*®; so that the substitution of soda for potash in the composition 
the glass diminishes the resutance of the glass to of its former 
amount. 

The influence of the substitution of soda for potash is stfll mm 
ciesrl^ broni^t out by a oomparison of XXIX widi XXXI, and XXlt 
wiUi XXXIL Specimens XXIX and XXX an lead-tmtssh glssms. 
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XXX and XXXII lead-eoda glasses, in which the amount of soda is 
nearly equivalent chemically to the potash in XXIX and XXX respec¬ 
tively. Beferenre to Table I will show that in both cases the potash 
glasses have very much higher resistances than the soda glasses. 

Both XXI and XXVII were load glasses; but in the previous paper 
a glass was discussed which was made by Messrs. Schotft and Co., and 
was composed mainly of barium oxide and alumina in combination 
with silica and boron trioxide. This, which we shall call the Jena 
banum glass, had a very high resistance, one quite unmoasurable, 
indeed, within the range of temperatures covered by the experiments. 
Moreover, it was found that the inductive capacity in a plate of this 
glass was exceedingly low, and that the glass showed little or no 
effects of dielectric polarisation. 

It was thought that it might bo of interest to find whether the high 
resistance of this glass was associatcil with the presence of the large 
percentage of Iiamim oxide. Accordingly, further experiments have 
been made on flasks of barium-potash glass manufactured by Messrs. 
JWell and Suns. This glass is numbered XXVIII of Table I, Its 
resistance is very low in comparison with that of either the lead-potash 
glass or the (Tuna liarinm glass, which, however, it must bo remembered 
contained no potash. It was found to bo subject to a somewhat rapid 
disintegration of its surface, and it probably differed in physical oon> 
Btitutiuu from the Jena glass. The Jena glass, moreover, contains a 
considerable quantity of boron trioxide and alumina, which are absent 
from the glass made by Messrs. Powell. The presence in glass, how¬ 
ever, of a considerable percentage of potash with lead is, as shown by 
XXIX and XXX, consistent with a high specific resistance. 

It is interesting also to compare XXVIII and XXVI, which contain 
approximately the same percentage of barium and loail oxides respec¬ 
tively, and are otherwise very similar. The load glass, XXVI, contains 
soda, from which the barium glass, XXVIII, is free; but in spite of 
this, the rraistance of XXVI is about three times that of XXVIII at 
the same temperature. 

Comparison mlh Ordinary Olass .—Experiments were next made to 
test how the glasses of specially prescribed chemical composition, 
already experimented on, compared with the ordinary kinds of glass 
used in the construction of apparatus. A common lime glass, XXV, 
and common lead glass, XXVI, were examined. The resistanoes of 
both of these were low; that of XXV was low in comparison with the 
resiatanoe of any other glass in the table.* As has been pointed out, 

* Itmsy bs notioed hsM that tbs flrat experimsitts on the electrical properties 
of q ie riiw i n e of gbus, whkh wen afterwards eabjeeted to ehenJcal enaljralB, seem 
to ho then described in Hr. T.OrtT’e p^wr, ‘Boy. 800. Proo,,' V4A,M, p.‘im. 
The anatysei of the speetmens (which wen of gliieii need lor dUEenat pnrpoiiti in 
4is mil} WM made witii gnat oara by Profeeior JNvere, ol 
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however, the rosiitanco of XXVI considerably exceeded that of the 
barium glass, XXVIIL 

Effefl of AnnaUing .—The last four specimens mentioned in Table I 
(XXIX—XXXII) wore experimented on to find the effect of an¬ 
nealing on the resistance of glass. It is well known that in most 
conductors, espwially piu« metals, the effect of annealing is to diminish 
the specific resistance. XXIX and XXX were specimens of Messrs. 
Powell’s lead-potash glass. Of these, XXIX and XXXI wore carefully 
annealed in the usual way by Messrs. Powell: XXX and XXXII were 
left in the unannoaled state. 

The residts are given side by side in Table I, and show that the 
effiect of annealing glass is very greatly to increase its specific resist¬ 
ance. Ill the case of XXX and XXXII, the load-soda glasses, the 
specific resistance has been raised to three times its former value. 
Annealed glass is therefore a much lictter insulator than unannoaled 
glass. 

Vanatum of llfnAuncf With Time .—The question of variation of 
resistanco with time has been investigated by testing flasks, which had 
been set apart for the purpose, at intervals of about six months. The 
results are shown in Table 11. XXI, XXVII, and XXVIII have bad 
their resistances determined three times, and so far no change has dis¬ 
closed itself. As noticed above, the surface of the glass XXVIII seems 
to become disintegrated in course of time; for the surface, which was 
originally cleaned till quite clear, has gradually acquir^ a milky 
appearance, and is now quite opaque. 


The Cnpacity Euperimenin. 

The specific inductive capacity of the glass of those flasks was 
determined by the method described m our former paper, and the 
results are shown in Table I. It will be seen that the spodfio inductive 
capacity of Powell’s lead-soda glass, XXVII, is rather low in com¬ 
parison with that of the corresponding lead-potash glass, XXI, which 
was about 8. 

It is noteworthy, however, that the lead-soda glass was free from 
the dielectric polarisation effects which were so troublesome in the case 
of XXI. Of the glasses discussed in the present paper, XXVI, one of 
the ordinary glasses experimented on, was the only one that showed 
dieleotric polarisation conspicuously. 

No trouble from dielectric polarisation was experienced with Nos. 
XXIX—XXXir, so that annealing does not cause any marked dlfliw- 
enoee in the electric absoirption ” the gloss. 



On Vu Sleetrieal FrD\miw» of Different Kinds of Glass. 201 


Measurment of Rewlml Tmst of Glass Fibres, 

The object of theae experimenta was to compare fibree of the ghtssea, 
on which th6 electncal experiments already described had been carried 
out, as regards imperfection of their torsional elasticity, 

Tbe figure shows a sketch of the apparatus nsod. A long cylin'lrical 
glass tube (tr), about 23 inches in length and 2 inches m diameter, was 
fixed poimanently in a vertical position in a wooden frame, ns indi¬ 
cated in the diagram. A tightly fitting cork closed the upper end of 
the tube, and through a narrow slit in this passed a rectangular piece 
of copper foil, from the centio of the lower edge of which projected a 
short tag of the foil. This tag was quite rigid, and earned attached 
to it with shellac cement the glass fihio, care being taken that the fibre 
was so placed that it hung vertically along the axis of the tube, when 
the cork was fixed in position. The lower end of the fibre was 
attached in a similar maiiiiei to a cross-piece, e, weighing about 
1 gramme, and having a length of about 1| inches. The fibre was 
attached to the upper end of the cross, and to the lower end was fixed 
a small mirror. 



The lower end of the glass tube fitted into a groove out in a wooden 
■ole-plate, capable of being rotated about a vertical axis, which 
oefinoided as nearly as possible with the axis of the tube, that is, with 
the position of the fibre. Two brass pms (h) were fixed verticaDy at 
two points in the sole-plate within Uie tube, and, projecting upwards, 
stood one on one side the other on the other of the horixontal 
am of the oross-pieoe. By tuniing the sola-plate round, any required 
twist could bs given to the fibre, since the tube wae held fast in ite 
s up por tin g frame. 

, a laasp and scale set in front of the mirror enabled the posit ion of 
lU lower mid of the fibre to be observed. 



202 


Profs. A. Gray and J. J. Dobbie. 

After fixing the fibre and allowing the arrangement to stand luidis- 
turbed for a day or two to allow the cement to harden, the scale was 
placed in position with its ends at equal distances from the mirror. 
The zero position of the spot of light on the scale was observed, and 
the solo-plate turned round to give a total turning of the lower end of 
the fibre relatively to the upper of 360°. The couple was kept applied 
for thirty seconds, and then taken off gradually wHthout any jerking 
of the fibre. This prevented torsional oscillation of the fibre after the 
removal of the couple. In fifteen seconds after the removal of the 
couple a reading of the position of the spot of light was taken. From 
this the angular deflection of the lower end of the fibre was obtained, 
and the angle no measured, divided by the length of the fibre, gave the 
residual twist. 

The following table gives the results in radians per centimetre of 
the length of the fibre x 10^. The diameter of the fibre was found 
by weighing a knonn length of it, and calculating from the known 
density of the glass. 


. of Bprcimrn. 

CiametcF iu centimetre*. 

BeeiduAl twlit. 

XXI 

OOlOO 

2-09 

XXII 

0-016 

184 

XXIII 

0-010 

0-93 

XXIV 

0-0106 

3-83 

XXV 

0-0116 

7-19 

XXVI 

0-016 

6-41 

XXVII 

0-0187 

2-44 

XXVIII 

0-0106 

6-62 

XXIX 

0-0142 

0-83 

XXX 

0-0183 

0-8 

XXXI 

0-0148 

1-9 

XXXII 

0-0191 

2-8 


The experiments on Specimens XXI—XXVII inclusive were made 
in June and July, 1898, and it was then thought that there ap¬ 
peared to be some connection between the resistances and the 
residual twist of the fibres. But since XXI to XXIII were glasses 
whose resistances were too high for measurement, it was of course 
impossible to draw any numerical conclusion on the point without 
examining more specimens. A very little reflection, however, showed 
that no exact comparison was possible from this point of view, as the 
residual torsion was no doubt influenced in a very marked degree by 
the immediate previous history of the fibre. But it is noteworthy 
tiiat the residual twist is very low in liie case of the Jena barium 
and in Meurs. Fowell’s lead-potash glasMS, vis., in XXTT?, 
XXIX, XXX , and ia atmormally hi^ for the two ordinary ^aaies, 
XXV.XXVT 
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It was found that for the same fibre the same twisting couple pro¬ 
duced the same residual twist, provided the two determinations were 
not made in immediate successton. The rate at which the residual 
twist came out was very great immediately after the twisting couple 
had l)oen taken oft‘; and this rate diranushe<l rapidly as the spot of 
light approached its zero position on the scale. 


Chemintl Oontimitum of tlte Sjiennims of Gkise. 

The results of the chemical analyses nunle for the different speci¬ 
mens are stated briefly in Table I, which affords a conspectus of all the 
results of the experiments now descrilted. 

The following notes regarding the diffeiont specimens, containing 
approximate empirical fonnulsc for their composition, are, however, sot 
down here. 

XXV. This is an ordinary lime glass. The alkalios wore not esti¬ 
mated separately, an<l no formula can therefore bo given for it. 

XXVI. This is an ordinary lead-alkali glass, containing consider¬ 
able quantities both of potash and soda. After deducting ferric oxide, 
alumina, and manganese, its composition may bo represented by the 
empirical formula 

43SiO* .5PbO, 6NaA 3K A 


Found, Cslrnlotod. 


SiOi. 

. 69-60 

60-18 

PbO. 

. 36-44 

26-00 

NaA . 

. 7-44 

7-23 

KA . 


6-67 


99-98 

99-98 


XXVII, This glass is composed of silica, load oxide, and sodium 
oxide, and is free from potassium. Allowing for the small amount of 
ferric oxide and alumina which it contains, its composition may be 
expressed by the empirical formula 

lOSiO* 3PbO, 3NaA 

Found. Csloulstsd. 


SiO, . 40-87 41-24 

PbO. 46-33 46-98 

NaA. 13-80 12-78 


100 100 

XXVIIL This is e barium-potash j^ass, free from lead, and com 
t wn hg only a very small amount of soda. After allowing for the 
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Table I. 





Dimenaioni, 

Bciutance. 


Humber 

ofipea* 

Deienption of 

Deniity. 

d • thielnea* of bulb. 
* - efferbre aurface. 
r • external radiua. 

Tempo- 

mtnre, 

oonli- 

grade. 

Specifio redatanoe 
inohmixlO”. 


XXV 


2-487 

d •• 0 128 cm. 
a - 174 614 *<] om. 

r " 8 -829 em 

149* 

116 

93 

72 

56 

0-202 

1 874 

I 11-001 

89-16 
681-06 


XXVI 

Lead gluii, with pol- 
aith uud loda 

2 09 

d-0 0CU8em. ISO* 

i #-188-l»iq cm i 140 
r - 3 971 em, 1 ISO 

1 101 

1 

1 1 fio 

8-636 

18-64 

38 68 
412-70 

1 1050-80 

18084-0 

XIVII 

Lead-iodt glaie 
mide bj Meeari 
Fowfll and Son*, 
Londou 

8-662 

i d-0-092om. 

1 *-211-64*0. cm. 
r - 4 226 om 

1 

142f 

IIB 

00 

186-5 

1 797-8 

6240-0* 

xxvni 

Banum-pobuh glu* 
made by Ueiin 
Powell and Sons 

3-11 |d>0-187om. 

1 (-2tO-liq.cm. 

1 r - i-66acm. 

138* 

126 

95 

77 

6-47 

16-01 

178 06 
1116-60 

XXIX 

! 

Lead -potaah glat* 
made by Meein. 
Powell and Bone 
(annealed) 

3-41 

d-0-088 om. 
*-205-4lliq.um. 
r. 4-422 om. 


Beautanoe too high 
to meaanre. 0^ 
tainly above 29000 
at 140° 

XXX 

Lead • potaah glaes 
made by Mcean. 
Powell and Son* 
(unannealed) 

8-94 

d » 0*806 om. 
*-211 8H6aq.cm. 
r-4-2014 cm. 

142° 

1828-a 

Too hiRh to nm- 
aure at lower tem¬ 
perature* 

XXXI 

Leid'ioda glaaa 
made by Ideam 
Powell and Bona 
(annealed) 

3-408 

d-0-068 om. 

»- 226 -706 wj. om. 
r - 4 8109 om. 

ur 

122 

102 

84 

4-874 

20-497 

108-820 

616*94 

yTtn 

Lead-ioda glaaa 
made by Ueeir*. 
Powell and Son* 
(unann^ed) 

8-86 

d-0-0986 om. 
«-218 -246a<). cm. 
r m 4-1921 om. 

14(f 

120 

1(14 

88 

78 

i-eoi 

4-927 

»>-8Sl 

144-1140 

216-180 


Tliii rqmit at 9(f it not teonitt*, bok 
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Cap* itjr I 01i«imiitl Compoiition 



Mrrw to ibow (Iw ofdw of tli| qnutilyr 
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Table II 


If umber 
of 

rpciimen 

D menaiolu 
rf •- tluiknoM of b lib 

I •• efte Uv* »iirf»ie 

Date of te<f 

tur enti 
grade 

B nittanie 
Speeiflo 
loautame in 
ohmi X 10 

X\I 


Ainl27 1808 

Up to 110° 

Rimtanee too 

1 igh to mea 



D( Id 

JuItS 18W 

• 


XXVII 

I - 0 086 
t - 216 Id «1 cm 

' 

Mar 31 1898 

Mar 19 1808 

InlTd 1890 

ri38 
■^107 
[ 90 

fU2 

<in 

1 90 

fl44 
i 115 

1 90 

108 17 

1600 3 

RpMi>fi nee too 
high to mea 

76 8 

505 85 

BeMelaiioe too 
bight mia 
•un 

72 28 

585 0 

Beaiitanco too 
high to naa 
rare 

XXVIII 

d •« 0 168 cm 
« > 230 680 K) cm 

line" 1808 

Jan 18 1800 ’ 

July 6 180J { 

1 

ri46° 

1)14 

1 98 

L 72 

1 flW 
^ 106 

I 1 89 
ri42 

I 4 105 

I 1 86 

2 87 

21 82 

1 162 70 

1039 26 

9 86 

61 77 

206 07 
, 6 045 

' 01 6€ 

44.1 64 

XXIX 

d - 0 186 on 

1 - 804 806 iq cm 

JulyO 1800 

Up to 140” 

Beiiatan e t< o 

1 high to mea 
aure 

XXX 

1 

1 > 0 1186 m 
r - 810 14 cq rm 

duly? 1800 

140° 

1777 6 

Could not be 
meiaured at 
loner tan 
perature 

XXXI 

d m 0 0488 cm 
« •• 210 6 aq cm 

July 11 1800 

186° 

100 

80 

7 633 

102 04 

816 40 

Txxii 

1 d > 0 1438 cm 
' « * 808 8 tq cm 

July 10,1800 

141° 

110 

/>» 

0 8608 

8 176 

808 06 
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smtUl qiuiitities of ferric oxide, Hlumina, and sodinm oxide, its compo¬ 
sition may ho reprcsento*! by the formula 

2 OS 1 O., 4BaO, SK-O. 

FoiituI CVilruIated. 

53 29 52-54 

26 59 26-87 

20 12 20 58 

100 99-99 

XXIX .111(1 XXX r>oth of these glasses are from the same pot, 
XXIX liuuig anncided, and XXX niiannoaled. Although they yielded 
slightly diffoient nuniheis on niialybu, they are essentially the same, 
and may lie i-eprescnted by one formula, viz., 

23SiOj, SPbO, .3K.O. 

S.\IV XVX'' Ciilrulsted. 

SiOj .... 48.19 5017 49-69 

PU) . 40-92 39-78 401.') 

K.() .. 10 68 10 01 10-16 

99-99 99-99 90-99 

XXXI .iiid XXXII. Those two glasses correspond closely to XXIX 
and XXX, soda, however, being sulwtitntod for potash- It was hoped, 
in preparing them, to obtain a glass closely corresponding to X^QX 
and XXX, soda being sulwtitut^ for potash in exactly ocimvalent 
c|uantity; but Messrs. Powell found that in order to make the glass 
workable, it was necessary to add a slight excess of soda. XXXI was 
annealed j XXXII remained unannoaled. The composition of both 
may be exjiiossed by the formula 

24SiO* 6PbO, 4Na,0. 

Found. 

'XXXT. XXXI? Calculated. 

60-70 61-7 61-37 

40-47 .19-12 39-77 

8 82 917 8-84 

99-99 99-99 99-98 

We desire, in conclusion, to express our thanks to Messrs. Powel 
and Sons for tHeir kindness in preparing glasses for us, uid to Messrs. 
O. W. Griffith and Bobert Abell for their help in the eleotrical and 
duitnica} experiments respectively. 


SiOj... . 

PhO. 

Nafi . 


SiO. . . 

B.id 

K.0 


fcx^upni. 
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“ On the Change of Kesistance in Iron produced by Magnetisation.” 
By Andeew Gray, LLD., F K S., Professor of Natural Philo¬ 
sophy in the University nf Glasgow, and Edward Taylor 
JoFES, U Se., Professor of Physics in the University College 
of North Wales. Received May 30,—Rcail June 21,1900. 

The experimouts descnbod below wore made with the object of 
determiniiig BimultHnoous values in a spomnoii of soft iron wire of the 
magnetising force, the magnetisation, and the change of resistance due 
to magnetisation. In all the measurements hitherto made of magnetic 
changes of resistance no attempt seems to have been mode to deter¬ 
mine at the same time the magnetisation; in fact, the results which 
have Iteen obtained for bismuth might appear to indicate that there is 
hut little, if any, connection Iwtweeii magnetisation and change of 
resistance. The results herein described, on the other hand, indicate 
that there is a somewhat close connection Imtwuon tho two phenomena, 
and mako it clear that further measurements on similar linos would 
have some value. 

Mf<mrrmnd of Kemknue, 

Frelimiuary trials showed that great difficulty wmdd he experienced 
in determining tho magnetic change of resistance in iron unless great 
precautions wore taken to eliminate the effects of rise of temperature 
in the a ires due to the passage of even feeble currents. In tho 
arrangement finally adopted, tm coils of soft iron wire P, Q (fig. 1) 
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were used, of nearly equal lengths, cut from the same epocimen, and 
doubly wound with silk. One of these was wound longitudinally, the 
other spirally and non-inductively, on a rod of wood about 60 om. 
long. The whole was placed inside a magnetising coil, so that one 
eoil, P, bewmie longitudinally, the other, Q, transversely magnetised. 

On account of the great demagnetising factor for a cylinder mag¬ 
netised transversely, however, the latter coU was only very feebly 
magnetised. The magnetising coil was 1 metre long, and was pro¬ 
vided with a double cylindrical core through which a constant stream 
of water could be kept flowing, in order to diminish the heating 
effect of the magnetising current. It was further arranged in the 
experiments that equal ciurents should flow in the two iron coils, 
which were thus subjected to very approximately equal rises of tem¬ 
perature. Those arrangements, though not perfect, so much di¬ 
minished and retarded the heating effects of currents in the various 
coils that those could lie readily distinguished from the magnetic 
effect. 

The comparison of the rosiataiices of the coils P, Q was carried out 
in the usual way. The platinoid wire of the bridge was replaced by 
one of somewhat thick copper, so as to give an easily measurable step 
of the slider for the small alteration of the ratio of resistances of the 


coils which had to bo measured, the iron coils inserted in j>, q (flg. 1), 
and two nearly equal coils A, B in //, b. A and B were both kept in 
one bath of oil. All connecting wires were of thick copper. The 
galvanometer was a Kelviu low-resistance astatic instrument. The 
magnetising current was measured by a Kelvin graded galvanometer, 
standardised by electrolysis and by comparison with a Kelvin deci¬ 
ampere balance. 

In making observations, the iron coils P, Q were first demagnetised 
by reversals, and the position of the sliding contact key S found, which 
gave no galvanometer deflection. 

Then a weak magnetising current was applied, reversed several 
times, and the position of S again found. The change of position of S 
indicated that the resistance of the longitudinally magnetued wire 
became greater than that of the transversely magnetised wire. This 
was repeated for a largo number of field-strengths, each greater than 
the one preceding it. The resistanoea of the aiudliary coils A, B were 
so chosen that the change of position of S with the greatest mag- 
netuing field used amounted to about 16 cms. The difiermice of Uie 


fnetional increments of resistance of P and Q was 


ealonlated from the observed displacement of S from its sero position, 
and tile results girmi below represent values of 6^ for different fleld- 


stMogths. 


Q Sf 
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Mi'ammieni of }fagfu’(i'>ittiim. 

The magnetisation of the iron was (letomiinod in sopamto expon- 
ments. For this purpose a narrow glass tube, GO cm. long, M’as filled* 
with a number of lengths of iron wire, cut from the same spociraen, 
from which the insulation hml licon removed. A number of turns of 
fine insulated copper wire was woimd on the glass tulie near its middle 
and connected to a liallistic g<ilvanomotor, standardised by solenoid 
and socomLiry coil. The tube, with the lengths of iron win', was 
placeil within the magnetising coil, and the BH curve of ascending 
reversals was determined for the iron in the iwn.il way, and the mag¬ 
netisation 1 calculated from the equation I = B - ll/4s-. No account 
was taken of the demagnetising factor of the iron wires; the factor for 
a cylinder of the some length and of cross-section equal to the sum of 
the section of the thiiteen pieces of wire in the glass tube is but of the 
order 0-0008. 

KfmUt. 


The following are particulars as to the coils, (fee., used 
Ihamoter of soft iron wire used in resistance and 


magnetisation c-xporiments. 0-0746 cm. 

Eesistance of iron coil P (longitudinally woimd).. 1-046 ohms. 

Eesistanco of iron cod Q (spirally wound) . 1-118 „ 

I)o., do., aiLxUiary coil A . 1-.182 „ 

Bo, do., auxiliary coil B . 1-476 „ 


The cods A, B w-ore of (4orman silver. Resistance per centimetre of 
bridge wire (<t) = 0-0000536 ohm. The difference of the fractional 
increments of resistance of P and Q was calculated from tho approxi¬ 
mate equation 


A0 




A + B , 


where is tho displacement of the contact S (fig. 1) from its zero 
position, f.c., from its position when the wires wore not magnetised. 

The mean temporatore of the iron wire during both the change of 
resistance and the magnetisation mensuroments, determined by fre¬ 
quently ollwerving the temperature of the water entering and leaving 
the magnetising coil, was 6-6° C. 

The results ^ all the measurements are shown in the accompanying 
curves. Fig. 2 is the magnetisation curve (I, H, c.g.8.) of ascending 
reveraala. Fig. 3 the curve B, H for the longitudinal coil. Fig. 4 
shows 08 a funotiim of the magnetising field H. The general reeem- 
Uanoe between this curve and the magnetisation curve suggeete that 
the change of resistance depends on the magnetisation rather than on 
magnetii^g foree. 
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Fto t 



lligB 5 6 7 show A<;f )-18 a function of I aspectively 
Of these fig G approximates closely to a sti light line except in the 
neighbo irhood of the origin It may thus bo stated as m empmcal 
les^t for the sjocimoii of soft iron an 1 fot the nngo >f m ignetisation 
employe! in these experiments that the hinge of resistance u ap¬ 
proximately proportional to the fourth power of the magnetisation 

Notf illel Ji e 18—The results are complicated to some extent 
by hysteresis It was foind that when the iron wires were first 
thoroughly demagnetised ind ifter having I een loft long enough to 
take the temperature of the surroundings were subjected to a rather 
strong mitguMiBing current kept in for less than a second so that no 
appreciable heating could arise about i third of remained after the 
magnetic force was removed 

The above experiments were earned out m the Phjisical Laboratory 
of the Uinvenaty College of North Wales and we wish to take this 
opportunity of expressing our high appreaation of the value of the 
awstanee of two students of the College Mr Guy Barlow and Mr 
Chxlfrey Hotter, who, by makiog many measurements and caleulattoss, 
enabled ns to complete tbe wwk 
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The Exact Histological Localisation of the Visual Area of the 
Human Cerebral Cortex.” By .ToSEi’li Shaw BfiLTON, B.Sc., 
MI)., BS. (Lond.). Communicated by Dr. Mott, F.RS. 
llew'ived May 11,—Bead Juno 14, 1900. 

(Abstract.) 

Piemoiis Retail dt. 

The previous research concerning the human visual area has been 
carried out m three directions. 

(1) The study of lesions causing blindness. 

(2) The study of the myelination of the corona radiata. 

(3) The histological c.vamiiiation of “ occipital " or “ calcarine ” 
cortex as regards— 

(a) Cell form. 

(i) Sul xlivision of this variety of cortex into layers. 

(r) The modifications caused in (a) and (ft) by long-standing blmd- 
ness. 

Examination of the literature on the first two sukhinsioiis demon¬ 
strates the extreme diversity of opinion which exists regarding the 
situation of the primary visual area of the cortex. 

The object of the present research has boon to indicate the exact 
region of the cortex to which the visuo-sensory function is limited. 
For this purpose it has boon iiniiocossaty to pay attention to the 
special neuronic structure of this portion of the cerebrum, but the 
general histology of the cortex referred to in (3), (A), and (r) has been 
considered imnutely in the third section of this paper. 

ITw Rj-iict Didixbution of the " Ornjntal” LamiwUiun, 

(1) The “ occipital ” lamination in the region of the calcarine fissure 
has been histologically mapped out, in six normal and pathological 
brains, as a well delink cortical area. 

(2) The general distribution of this area is as follows. It occupies— 

(a) The body of the calcarine fissure, including the anterior and 

posterior anneotante, and extending upwards to the parallel 
cuneal sulcus and downwards to the collateral fissure. 

(ft) The posterior part of the calcarine fissure extending to the polar 
sulci surrounding its extremities. 

(r) The inferior lip of the stem of the calcarine finure (including the 
superficial surface and lower lip of the cuneal annectont) newly 
to ite ahterior extremity, just posterior to which the area taila 
to a Wn> point 
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(3) The approximate outline of this area is consequently pear 
shap^ with the apex anteriorly and the thick end at the pole of the 
hemisphere. 

(4) The area is much decreased in extent, hut not in distribution, in 
cases of old-standing optic atrophy. 

(8) In unophthalmos the area w much contracte<l as regards lioth 
e.xtont and distribution. It occupies the usual position in the stem of 
the calcarine fissure, but only extends backwards as far as the posterior 
cuneo-linguul anncctaiit, aiul it is confined to a portion of the inferior 
lip of the tibsuio and to the coitex between this and the collateral 
sulcus. 

The General Histohujij nf the VmUi Caehi in the Itegton of the Calcanm 
Ftssitre. 

(1) The following classification of layeis has been wlopted for the 
piurposcs of nneromoter measurements:— 

(a) The coitex of the area of S|)ccial lammation which has just been 
described. 

I. The supeificial layer of ner\’«' fibres 

II. The layer of small pyntmidal cells. 

IILf. The outer granule layer. 

IIIA. The middle layer of nerve fibres, or lino of Oennari. 

IIIc. The inner granule layer. 

IV. The mner layer of neivo fibres. 

V. The layer of polymorphic cells. 

(b) The cortex surrounding the area of special lamination. 

I. The superficial layer of nerve fibres. 

II. The layer of smaU and large pyramids. 

III. The layer of granules. 

rV. The inner layer of nerve fibres. 

V. The layer of polymorphic cells. 

At the junction of those two varieties of lamination an abrupt 
change takes pbice, the line of Gonnari suddenly ceasing, and the outer 
granule layer joining the inner one, the conjoined layer being approxi¬ 
mately of the thickness of the former outer layer. 

(2) The average of very numerous micrometer measurements of the 
cortex of the area of special lamination and of the neighbouring oon- 
Tolutions gives the following results 

(a) In the area referred to, in cases of old-etanding optio atrophy, 
the line of Oennari is decreased nearly 60 per cent in thiekness, 
wid the outer granule layer mbre titan 10 per cent. 



218 Dr. A. A. Kambaut. Underground Temperature at Orford, 

(b) On the other hand, in the cortex mirruundjng the area referred 
to, old-standing optic atrophy eanses no modification of the 
lamination. 

(r) In anophth.dnius the conjoined outer granule layer and lino of 
Gennuri (for the granules in the fotmer layer are not sufR- 
Ciontly ohvioub to udnut of easy niictometer ineaauienieut 
alone) aio natiowwl down to two-thirds of the notmal thick- 
u<>6b, the other layeis of the cortex being ajipi oxunately un¬ 
changed This amount of nai rowing is the 8.ame as that found 
in c.ises of old-standing optic atrophy. 

(il) The majority of the layeis of the cortex either inside or outside 
the aic.i of special lamination do not vary appiccialdy in thick¬ 
ness as a result of age oi thtoiiic insanity, but there is an 
almost exact coirospoudence lietweeu the thickness of the con¬ 
joined hrat and second layets cf the cuitex and the degree of 
.imcntia or dementia existing in the patient. 

iiKiiiiiMiIt nf C<iiulusuui<( itiiiiiu JtoHi III! jnmnt Uemmh, 

(1) The aiea located and descnlieil in this piper is the primary 
visual region of the cortex ceiebri 

(2) The pirt of this aica to wbicli afl'erent visu.il improseions 
primarily (mss is the region of the line of (lennari 

(3) A marked conti action of the area in Imth extent and distribu¬ 
tion, without alisence of the line of Gonibin, occurs in unophthalmos. 

(4) This aro.v can probably lie descrilitHl as the cortical projection of 
the corresponding h.dves of both retime. In this projection the part 
above the calcarine fissuro ivprcbents the upper conespondiug quadrants 
and the pai t below tho lower corresponding quadrants of lioth retina*. 


“Undeiground Tcrnperatuie nt Oxford in the Your 1891), os 
determined by Fivo l*latinum Re-sistance TheTuiometers." By 
Autuur A. IlAMiiAlT’J', M.A., iXSc, Radchlfe Observer. Coin- 
mmiicated by E. H. Giukkiths, K,R.S. Received May 17,— 
Head June 21,1900. 

(Abstract.) 

I. JJeser^JtioH of the Apparatus. 

The instnunenU with which the earth-temperatures given in this 
paper were observed were five pUtiiium reeistsnoe themometen of the 
CidlBndar and Griffiths pattern. 

The thermometen were inaerted in undistorbed gravel, the first fonr 
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lying one under the other m a vertical plane beneath the grass of the 
south lawn of the fiadcliffe Observatory, and within a few feet of the 
Stevenson’s screen in which the dry bulb and the wot bulb, the nuud- 
ranun and minimum thcrmoinotoi8,<ire snspondod. A fifth theiinomoter 
was subsequently placed at a depth of about 10 feet in a separate pit. 
The actual depths of the various thermometers as niOtisured in October, 
1898, wore os follows — 

Thfriaomctcr. 1. 11. Ill IV. V. 

Pepth ... Giili. I ft 6 in. .Tft.fi^in 5 ft. 8^ in. 9 ft 11J in. 

The resistance Iwv is iii its gimcr.d design similar to that desenbod 
by Mr. Griffiths,* but simplifiofl to suit the p.irticular class of work 
for which it was intended It is provided with thi co principal coils, 
A, B, and C, whoso nominal values arc, 20, 10, and 80 Isix units 
respectively, a box unit being about 0 01 ohm. 

The apparatus is provided with a slow motion contact maker, of 
Mr. Horace Darwin’s iwttenqt and Mr. Griffiths’s thermo-electric key.J 
In the 8tand.HdiHntion of the apparatus the mcthcnl described by 
Mr. Griffiths, m his at tide in ‘ Nature,’ refened to above, was m the 
main followed. The temperature coefficient was determined by 
Mr, Griffiths, in his own laboratory at Canibndgo. Two separate 
series of oliservations le<l to the following results:— 


lisiiKo of Temperature 

Dste. teiiiperatiirp roefflcient. 

July 27 . 9-18“ 0000242 

August 8. 12 51 0-000240 


The value actually used in the reductions was 0-00024. 

From oliservations made when the instrument was mounted in »Uu 
at Oxford, the values of the coils were found to lie 

C « 80-1681 

B « 39-979 Vmeaii box unite, 

A = 19-863J 

and one scale division of the bridge wire is equal to 
1-0134 mean box unite. 

One of the most important considerations in connection with this 
subject is the degree of permanence in the fimdamental points, as 
determined at considerable intervals of time; but the process of 
standardisation is not one that can be very frequently apjdied. 

• ' Ksture,' vol. 68, ITovemW 14,1898. 
t * Ifstnrs,’ toL 68, Xovsmbsc 1^ 189S. 
t ‘ Phil XmuK,’ A, {ip. 897-8, vol. 184 (1898). 
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All the instmmenta were vary carefully standardised by means of 
observations extending over three days, .in October, 1898, and on 
October 6, 1899, taking advantage of a visit from Mr. Griffiths, I had 
the 6-in. thermometer dng up, and wo examined its eero point after 
exactly a year’s continuous olwervations. The readings agreed to within 
0-004° C., being 

In 1898. 0.306 

In 1899. 0-302 

For reasons given in the paper, it was not thought necessary to 
re-examiuu the boiling point. For another thermometer (A), kept in 
the observing room, the fiuidamental interval was found to have 
remained practically imchanged, being 


In 1898. 101 067 

And in 1899. 101-069 


n. Dtemmon of the OheeriKiiumi: 

The first stop in the discussion of the observations is to group them 
into monthly means, and thence to deduce the harmonic expressiona 
which will represent the readings of each thermometer throughout the 
year.* Those monthly means expressed in degiees Fahrenheit are 
given in the following table;— 


Mean Monthly Temperature of the Ground at the Badclifib 
Observatory, Oxfonl, 1899. 


Theraiomster. 

1 


8 1 4 

6 

Depth. 

61 in. 

1ft. 6 in. 

8 ft. 6i in. 

6 ft. Si in. 

9 ft. Hi in. 

Jsunsry .. 

Februarj.. 

Msreh.:. 

. 

July. 

A.n|piit. 

Beptember. 

OAober.. 

Hovsmber.. 

Deesmher. 

40-47 

40- 00 

41- 84 
48 77 
64-86 
66-78 
69-48 
69-88 

i 69-84 

1 48-99 

46-78 
88-14 

48V 

41-34 

41-91 

47- 66 
68-96 
68-89 

66- 98 

67- 79 
61-18 
61-14 

48- 43 
41-08 

44V 

48-86 

48-81 

46-61 

60-96 

68-89 

68-16 

64-88 

68-08 

64-89 

60-99 

46-86 

46 V 
46-08 
44-74 
46-40 

40-64 
64-78 
68-74 
61-66 
61-19 
66-18 
68-68 
48-58 

49V 

48-88 

47-48 

47- 87 

48- 68 
60-88 
68-86 

66- 89 

67- 80 
86-71 
64-48 

68- 88 


• PnfMseeW.Thsassea,"OathsBs^uotloDof Obsenatkosof TTadespoaai 
Tsnpnmkaw,'* Boy. Boo. Bdta.,’ fob tt, p. 409. 
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The harmomo ezprebuoa to represent the tempeiaturo foi ary ther 
mometer will bo • 


$ fr„+ (, cosX/+ j coa2A/+ U 

+ /i8inX/+/ Bm2X/ + (SLC (c), 

or e f(, + r mn(X/+?i) + P 8in(2A/ + r)+ (D) 

where t denotoii the time represented as the ft action of the year and 
X IS equal to 2ir Fiom the monthly means given above wc deduce 
the following — 


Values of the Cocfh ici ts 



From each wa\e as obboned at any pun of thoimometeis we obtain 
two determinations of the diffusivity (1) of the giavol one fiom the 
dimmution of ampbtudo uid the other from the letirdatiou of phase 
In computing the value of the expression <^(ir/y) the Fans foot and 
the Fahrenheit degree have boon usod 
I have omitted tho results for the thenuometei No 1 (C inches), 
which are too much affected by the diurnal changes and other causes 
From BIX compansoiu of tho amplitude and retardation of the annual 
wave at tho remaining four thermometers wo obtaui twelve determuia 
tions of the value of y/(^/i), the mean of which is 0 1189 For the 
half yeaily wave tho mean value obtained in a similar way is 01187 
This close agreement of the mean values of V(*'A) ^nved fiom the 
annual and half yearly waves is very remirkablo, and seems to uidioato 
a high degree of precision in the re^ts 
l%e paper deals with the obsenations of a smgle year, and the 
remits accorduigly exhibit some discrepancies be^een theory and 
observatums w^oh, althongh they are less than might have been 
expected, are greater than one would hke to see These discrepancies 
are dne partly to the fact that the temperature vanatione are not 
shdotl^ of e pmodio diaracter, as the theory roppoeee, and as such 
they hught be expected to be duainuhed in the mean of a nnmber 
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of years md partly to irregularities physical and formal, in the 
surface of the groim«l * 

Another sjiuct of iireguliiity iffectmg privions observations of 
this SOI t namely the rainmeter errois insing from the uncertainty as 
to the temperature of the liqmd in the l(ng stems of the mercury 
or dcohol thoimomcters does not in this cise apply uid if other 
errors po uliir to the j.1 itimun thermomoteis exist they seem to 1o 
confined within much smdlor linuts 


On the Kinetic AecuinnlalI n if Stiess illnsti itcd liy the The ly 
ff Iiiiiulsive Tfisi 11 1 y Kari Pfaj eoN hPS Piofess r 

of Aiplie 1 Alithitnts Umveisitj ( ill(j,t 1 nlii llireivel 
May 29—1 cal Tui e 21 1900 

(Alstract) 

1 It IS usual in engineering prictice to iloulle the viluo of the 
ati esses calcul ited statical!} v hen i live lo wl eomi s onto a girder and 
further various ompmcal laws such is those lue to Wohloi ire adopted 
111 the ease of repeated loathng to meosiurc the effective resist ince of a 
structure While these methods pi actually adopted show very i learly 
that there is i just appreciation that louhng vtrying with the time 
differs in its natuio very considerably from piuely {lermanent loading, 
they yet fall consider ibly short of the definiteness required from the 
thoorotusl standpoint Oaasionally it must bo confessed that they 
would fail even from the practical standpoint were it not foi the largo 
factor of safety usually wlopted 

So soon as a live load comes onto a girder e\en without impulse, 
vibrational teims arise in the strains and the same thing occurs 
also in the parts of machinery subjected to external forces changing 
wath the time The discussion of the strains in e girder due to 
a rolhng load was flist undei taken by Sir Oeorge Stokes in 
and hiB results have Iieen considerably extended in later piqptll 
by Phillips, Benaudot, Bresse and do Saint-Venaiit t The latter has 
further dealt with i considerable number of problems of what 1 
have elsewhere termed wm tmjmlM r rrnlttnrr J as well as a variety 
fd cases of impulsive resilienco in the case of bars receiving longi 
tudinal or transaoise impacts g The numerical results of Samt- 
Venant’s papers, as well as his graphical representations, hardly seem 

* (Ise Historr of EUstioity ' toI 1 arts. 1J76 and 1417 
t -Coe etf, Vol 9 arte 879—S81 
t Lot mi M 8 arts 866—857 

I Hoc 2 acta 401—414 (Ver the hiiteiy of the twbjaet saa sit 841) 
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to have been sufficiently considered in tihe light of practice. They 
show that there can }>e a kinetic accumulation of stiess at sections 
where a wave of vibrations is reflected, and that in many cases this 
kinetic stress can considerably exceed double the value of the statioal 
stress at that section duo to the same load pormanently applied. In 
fact, every case of repeated loading or live-loading forms a kinetic 
problem which must lie independently solved, and which, if it presents 
difficulties, still presents difficulties such as the mathematician is in 
duty bound to overcome. 

While the papers to which I have referred give a f.urly complete 
solution of a number of pioblems in longitudinal and transverse loading 
of bars and girders, the problem of toraional loading seenis to have 
lieen untouched up to the present. Yet the question of torsional 
vibrations is one that arises voiy frequently, ns in the cases of shafting 
aud axles. I'he present memoir endeavours to give from the mathemati¬ 
cal standpouit a fairly comprehensive solution of the problem of the 
kinetic accumulation of stress in liars, shafts, axles, ^c., owing to 
repeated, impulsive, or changing systems of toisioiial loading. The 
attempt—following the traditions of do Saint-Vonant—has been 
made, however, not to leave the results in the form of long series 
unintelligible to the average piactical man. A lery htrge amount of 
numerical i eduction has been undertaken, and many of the results are 
shown graphically. UTio whole of the calculations, ns well as the original 
large Vagrams, aie my own work ; but I owi* to Mr. G. Baker and 
Mr. J. Longbottom, who have at one time or another lioon my assistants 
at University College, the reduced diagrams wJiich <u company this 
paper, and I have to cordially thank them for the care and labour they 
have given to the reproduction of my drawings. 

2. With regard to the general conclusions of the memoir, I should 
wish to draw spucial attention to tho following {joints ■— 

(a.) When a load is repeated, or applied, loiersod, ami repeated, 
there will in general be kinetic accumulations of stress; the 
amount of this accumulation varies with the times of incidence 
luid of release of tho load, but it may easily oxi oed the double 
of tho stress due to the statical application of tho load. 

(b.) Wohler’s empirical laws must eitboi be considered as allowing 
for this kinetic accumulation, or not. If they do not Jibw 
for it, but ore based merely on tho assumption of a 
load gradually mlied and gradually removed, then they do 
not cover an imimnse range of repeided loading which ocours 
in practice. If they do allow for it, then the conception of 
the material being worn emt by a maximum stress lower tikan 
the dastic Umit is a false one, for the exidaBaticp of the 
destraotimt of the material lies in the kinetio aoeumnletienel 
a mndh. greater stress. 

voiKUcvn. B 
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(e.) The eolntioa of the problem in both the cases of long shafts uid 
short axles depends upon the discovery of a series of discon- 
tinuous functions. These functions would appear to have con¬ 
siderable interest for the mathematician. Like functions first 
appear, I think, in a paper by Boussinesq,* and they offer an 
alternative to the usual solution of problems in vibration by 
Fanner’s senes. The latter in such ca^es often give easy ana¬ 
lytical expressions, which, however, may bo almost useless for 
the purposes of numerical calculation owing to the slowness 
of their convergence. In the course of the paper the numerical 
solution by the use of discontinuous functions, is compared 
for one case with the solution obtained by a Fourier’s series. 
A verification of the work is thus obtained, and the advantages 
of the novel functions illustrated. 

{d.) There are many points in the memoir which suggest possihiliUes 
for physical research, and it seems to me that lioth from the 
purely si-ientifio and the engineering sides a well-devised 
series of expenments on contmuously and on abruptly varying 
torsional loads would lead to results of much interest and 
practical value. 

The memoir endeavours to completo as fully for torsional loading the 
theory of a changing load as the latter has been completed for longi¬ 
tudinal and transverse loading by de Saint-Venant, Boussinesq, and 
Flammant. The methoils, analytical and graphical, are analogous, but 
the whole of the results, algebraic and numerical, are, I believe, novel, 
and apply to a series of cases which, if possible, have oven greatei 
practic^ importance. 


“ Hub Nature and Origin of the Poison of Lotiu Arahicus. Pre¬ 
liminary Notice.” By Wtndham R. Dunstan, M.A., F.B.S., 
Sec.C.S., Director of the Scientific Department of the Im- 
peiial Institute, and T. A. Hknbt, B.So. Lond., 'Salters’ 
Company’s Research Fellow. Received .Tune 7—Road June 
14,1900. 

Lotu» Arabiau is a small leguminous plant resembling a vetch, with 
pink flowers, indigenous to Egypt and Northern Africa. It grows 
abondantily in Nubia and is espcdally noticeable-in the bed of the Nila 
frcfm Luxor to Wady Haifa. It is known to the natives as “ Khuther," 
and old plants with ripe seed are used as fodder. The dried fdaiit k 
naumially grant, and possesses the aroma of new-mown hay. At 

• 8ss< History otSlsitMt 7 *v«l. 9, arti^4(^ 40*.' , 
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certain stages of its growth it is highly poisonous to horses sheep, 
and goits the poisonous pioperty lioing most nuiked in the young 
plant up to the penotl ot sot. ding Owing to the trouble which this 
plant has given to the militiiy and civil authoiities in Igypt the 
assibtanre of the Director of Kew a as sought in or ler tli it the precise 
nature of the poison might be iscirtauied and if jiossible a lomedy 
found I he mittei hauii„ lieeii referreil to tho Sciintifie Deput nent 
of the Impel ill Institute Mi E A blo^et Due toi of Egyptian 
Tolegiapl b t lloct 1 some of the inittnd foi iiiiostigition 

It n IS fuunl tint iiheit mcisteiied with watir and eiushed the 
leaves of the plant oiohi 1 piussic wid in consi lorable quintity tho 
amount being greitest in the plint ]Ubt liefcio ind leist pist afUi the 
flosveiing peiiod lurthei iniosti,,itim his shown th it the piussie 
acid oiigmites with i yell iw (lystilhiie ^lucoside (C IIi IiOio), which 
It lb pioposed to name I It Under tho influence of uii enr^me, 
ilso eontaiued m the plant lotusin is ripidly hydiol><>ed forming 
jtu n (tul, '•I/O, and lotjl 11 a new yellon col iiring m liter 

The hydroljsiM miy bo effected Ij dilute ici Is but is only very 
slowly Irought ibout by emulsin ind not it dl bj diastise The 
peculiir eiuyme which it ib piopeseil to iall If appeiis to be 
distmct fiom the eii^ym s iheuly known Ito lelnity is ripidly 
abolished by (outaet with tleohol ind it has only i fecbli Ktion on 
amygdulm Old pi ints iie f nind to cont iin lotase but no Irtusin 
The ujit has been pioied to lie identic il with oidinur^ dextiose 
l/fjfiitn, the jollow colouiingmittei his the compositionexpiessod 
by tho formula Cj H|«0 It belongs to the cliss of phcuylatod 
pheiio-y pyrones, and is a ibhydroxychrysin, isomeiie with luteolui, the 
yellow colouring matter of IftitJa lute I r, iiid with fisetin, the yellow 
colounng matter of hhw cctum\ 

The decomposition which ensues on biin,,ing lotase in contact with 
lotusm, IS happens when the plant is enished with water, ib theiefore 
probably expressed by the following equation — 

CJHl,^0,o + 2HJO - CaiioO + HCN + C H, Ob 

lotiikiD Lotoflann Iruwi acid Dextrose 

Hydrocyanic (piussic) acid occurs in small quantity in many plants,, 
and according to Treub and Greshof is often present in the fteo state 
The only glucoside at present definitely known which fuinishes this 
acid u the well known amygdalin of bitter almonds, which under *tbe 
influence of the enqrme emulsin, also contnmod in the almond, breaks up 
into dextrose, bentaldebyde, and prussic acid. 

Owing to tile scientific interest which attaches to this new gluco 
nde^ its propertiea and those of its decomposition prpducta have bew 
fnlly studied, and t)ie charactenstics of the new enzyinis have also 

H,r«vn. 
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We aro much indobtc^ to Mr Floyer for tho great pains he has 
taken to collect in Nubia the necessary maton'U for this invoetigation, 
and also to Sir W T IhistltonDytr for having grown tho plint at 
Kew, from seerl obtiinod horn Egypt 


On the Speclmscopic N’t iniiintion of Colour pnduced bv 
Simultaneous f ontrast By Glorgf 7 Buucu M \ 
Tl idiiig C ]](^ Reading f oinmunicated by Irani is 
OoRH hRS Professor of 7‘hysiolo„y Univeisity of Oxford 
Received Juno 12—Ruul 7unt 21 1*)00 
In a previous communnation I have, described some methods of 
using the spectroscepo to andyse stnsations of successive contiast In 
those OTpenmenta tho eye iftoi having lieen fatigued by monochro 
matic—piefenbly spoctial—light is exjiosed ti i second stimulus, 
consisting also of spotted light exciting one or more colour sensations 
which may or may not nuludo that fatigued by the pnmary sensation 
Tho question naUirally aiises whether the spectroscopic method 
might nut ho ippltul to problems of simultaneoiih contiast 
With this view I made a number of experiments with the Marl 
botough spectroscope during tho sammei of 1897 of which the follow 
mg m ly he mentioned A piece of thin cover gl iss was fixed in front 
of the eye piece at an angle of 46* with the optic axis so as to reflect 
into the field of view a smdl complete spectnim furnished by a 3} 
inch direct vision spectroscope In order that this might bo visible 
against the bright field of the laiger spectroscope a glass disc with an 
opaque spot of the required sise painted on it was inserted in tho 
eye piece close to tho diaphragm 

With this vrrangement it was easy to see the effect of contrast upon 
tho smaller spectrum but the lack of a oompanson spectrum made the 
experiment far less striking than I had anticipated 
Recently a device has occurred to me by which this difficulty may 
be got over namely, the production of simultaneous contrast by dif 
ferent colours in the two eyes 

This method is employed m the well known experiment by Henng, 
to show that the apparent alteration of colours by contrast is not due 
to an error of judgment, but to some real effect produced m the eye 
Itself 

An ordinary stereoscope is very convenient for this purpose, a square 
of red glass bemg inserted on one sde of the cehtral partition a 
square of blue on the other A small black waler is then fixed 
at the centre of each glass, with a white wafer close to the left sfds of 
the one on the right ha^ glass, and another on the ngh^ side of that 



of Colour prodvred hy fUmvltancous Contrast. 227 

on the left-hand glues. The hluck wafers being the only spots common 
to both fields are easily fixed binocnlarly, and the white wafers, each 
seen with a different o}'e against a diflorent colour, appear on either side 
of the combitie<l black spots. 

Under these circiimsUtncos, although the blue and retl fields combine 
more or less to produce a pimple sensation, ate h white spot retain® the 
contrast coloui due to that constituent of the coloured background 
which alone affects the eye in which its image is fomiwl 

It was only necessary to find some mothtal of siilistituting for the 
white spots two small spectia in order to donionstrate the cause of the 
greenish-blue appoarnnee of the w'hite sjsitf on the rod glass, ami of the 
orange hue of the white spot on the blue glass To do this, I place 
over each eye-lens one of Thorp’s replicas of Bowland’s gratings having 
15,000 lines to the inch. Two slits are held in a frame in faoiit of the 
aperture by which light is Ubtwlly admitti'd w'hcn using the stereoscope 
for opaque photographs The siiectia of the first oidcr of these slits 
appear in the middle of the tw'o glasses In ortler to prevent direct 
admixture of the colours of each spectiiim with those of the opposite 
backgrounds, two opaque squares of bhiclv material are cemented to 
each of the coloured glasses, so shaiied ,u> to appear of the exact size 
and position of the spectia On looking through the stereoscope, two 
spectra ore seen side by sulo on a field, the colour of which continually 
oscillates from rod through purplish-grey to blue. That connected 
with the red glass shows little or no red, but a splendid green and an 
equally splendid violet; while that belonging to the blue glass has the 
red well developed, the green pale and dingy, and the blue almost 
absent. The effect of varying the nature of the bine screen is very 
instructive. With cobalt glass the red is not very bnght, owing 
probably to the transmissiou of some rod rays by the cobalt glass, but 
the addition of a film stained with Prussian blue, by which these rays 
are alisorbod, greatly improves the red. On the other hand, a ptde 
yellow film which cuts off the violet causes the violet of tho spectnun 
on the blue ground to stand out brightly, while a purple film brings 
out the green, which, owing to the green light transmitted by 
ordinary enhalt glass, is generally a good deal enfeebled. In each 
case the contrast of the two spectra seen by different eyes is so well 
marked that the experiment seems likely to be of service in teaching. 
It should not, however, bo forgotten that the conditions are not quite 
so simple as in the ordinary production of artificial colour blindness^ 
and that the results are alw somewhat more com|dez. 

Hering’s contention, that contrast phenomena originate in the eye 
Ttiher than in the mind, is substantiated, but the complementary 
dolour to red is shown to consist not of one simple cdiounepniation 
of two at least, namely, green and violet, and in my oepa daie of 
slao. Against a magenta background the complementary odour 
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is seen to bo spectral green But in this taso the physical stimulus is 
complex. On adding to the magenta a yol1o«r glass, to cut out the 
violet, or using candle light, the violet reappears in the tomplcmontary 
spi'ctmm, while if a blue glass is addeil inste.id, the violet vanishes, 
and rcsl stands out hi ightly in the spectnim. It may 1>o thus shown 
that the colour which has green for its complemcnUry is not spoctro- 
Bcopieally simple, luid since the spcctial elements of it Live each a 
different and independent effect upon the spectrum of the complo- 
mcut.cry colour, I conclude that the green bcnsation has no special con¬ 
nection with the led, or indeed with any single colour sonsatiou 

It would, of coui-so, Ihj ^'-y to arrange the apiMr.itus so as to use 
puio spectral colouis foi the liackgrouiids, hut the phenomena are 
sufficiently disliiKt for oidiiiaiy purposes with coloured glasses 

A jKirlfion of the apparatus used has hecii paid for out of the stun of 
£10 allotted to mo hy the Iloyal Society fiom the Govermuont Oiaiit. 


" Au Expeninental Invcatigation into the Flow of Marble.” By 
Fiiank Ih Adamh, Ph I) Professor of Oeology in 

Mctlill University, Montreal, and John T. Nk’olson, D.Se., 
M InstCR, Head of the Fngiuecring Dopaitment, Municipal 
Technicail Sc-liool, Manchester. Communicated hy I’rofessor 
H. L Callrmiar, F US. Keooived .Tune 12,—Uead .Tune 21, 
1900. 

(Abstract.) 

That rocks, under the conditions to which they are buhjooted in 
ceitain paiU of the eaith’s cnist, liecomc bout and twisted in the most 
complicated manner is a fact which was recognised hy the earliest 
geologists, and it needs but a glance at any of the accurate sections of 
contorted regions of the earth’s crust which have lieen prepared in 
more recent years to show that there is often a transfer or “ flow” o£ j 
material from one place to another in the folds. The manner in which 
this contortion, with its concomitant “ flowing,” has taken place is, how¬ 
ever, a matter concerning which there has Iwon much discussion, and a 
wide divergence of opinion. Some authorities have considered it to be 
a purely mechanical process, while others have looked upon solution 
and redeposition as playing a necessary rfilr in all such movements. 
The porohlem is one on which it would appear that much light might 
be thrown by experimental investigatioji. If movements can be 
induced in rocks under known conditions, with the reproduction of the 
itruicturee found in deformed rocks in nature, much might be learned 
oonowning not only the character of the movemente, but alto eon- 



An Experimental Investigation into tJu Flow of Marble. 229 

oerniug the conditions which aro necessary in order that the raove- 
menta in question m<iy tike place. 

It IS generally agreed that three chief factors contribute to bringing 
alxnit the conditions to which rocks are subjected iii the deeper pm ts 
of the earth’s emst, wheio folding with (oncomitant flowing is most 
marked These aro — 

1 (tre.it piessuie. 

2. High UMiqKTatiiie. 

3. I’cixolating waters. 

With reg.ird to the fii’st f.ittor, it must be noted that more cubic 
comptvssion does not jiioiluce iiio\ cments of the u.iture of flowing, 
although It may punhice moletul ir rearrangement in the ro< k» A 
(hfforential prcssiue is necess.il y to give movomimt to the mass As 
Iloim has poinU-il out, theio is re.isoii to believe th.it “ Ujuformung 
ohiie Bruch " takes jil.ue when a lotk is subjected to a pressure which, 
while greater in some diieutions than in others, in cveiy direction 
oxceeils the elastn- limit of the imk in question. Whether till these 
factors, or only certain of them, .ire .ictimlly necessary for the produc¬ 
tion of rock deform.dioii is a question which .ilso leqiiircs to lie deter¬ 
mined by experiment, tor by cvponmotit the action of e.ich can lie 
studied separately, as well as in combimitioii w ith the others. 

In the paper of which this is «ii .ihstract, a first toatribiition to such 
a study is pn'seiiteil, pure Carrara marble being the rock selected for 
study. The investigation is now being extended to various other 
limestones, us well as to granites <ind other rucks. 

In order to submit the marble to a differential pressure, under the 
conditions almve outlined, it was sought to enclose the rock in some 
metal having a higher elastic limit than marble, and at the same time 
possessing considerable ductility. After a long series of experiments, 
heavy wrought-iron tubes of special construction were adopted. These 
were made, following the plan adopted lu the construction of ordiunoe, 
by rolling thin strips of Low Moor iron around a bar of soft iron, 
and welding the stnps successively to the Kir, as they were rolled 
around it. The core of soft iron composing the bar was then bored out, 
leaving a tube of Low Moor iron, the sides being about ^ inch in thick¬ 
ness, and BO constructed tlmt the fibres of the iron ran around the tube 
instead of being parallel to its length. These were found to answer 
the requirements admirably. 

The following procedive was then adopted. Colnnuu of the marble, 
an inch or in some oases 0-8 inch in diameter and about 1'0 inch in 
length, were accurately turned and polished. The tube was then veiy 
accurately fitted around the marble. This was accompUded by 
giving a very slight taper to both the oolnmn and the interior of 
tile Mbe, and so atran^hig it that the marble would only pass half 
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way into the tube when cold. The tube was then expanded by heat¬ 
ing, so as to allow tho marble to pass completely into it and leave 
about 1‘26 inch of the tulie free at either end. On allowing the tube 
to cool, a perfect contact between the iron and the marble was obtained. 
In some expenments the tube was subsequently turned down, so os to 
be somewhat thinner immediately around tho marble Into either end 
of tho tiilxi, cuntainiiig the column, an accurately fitting steel plug or 
piston was then inserted, and by means of those the piossiiro was 
applied The high pressure rcijuircd w.is obtaineil by moans of a 
powerfid press, especially toubtrucled foi the purpose, consisting of a 
double hydraulic “ intenwtiei,” the watci probsuro being ni the first 
instance obtained from tho city mains By moans of this machine, 
piessium up to 13,000 utniospbeics could bo exerted on the columns 
havuig a diameter of 0*8 inch, and the pressures could be roacbly 
legulutod and maintained at a constant value for months at a time, if 
requited 

It having Ihjou ascertained that tho columns of the marble 1 uieh in 
diameter and 1^ inch in height crushed at a pressure of from 11,430 
to 12,026 lbs. to the square inch, the colmnu encloscil m its 
wrougbt-irou tube, in the manner alioTo desctilied, was placed in the 
machine and the pressure applied gradually, the exterior diameter of 
the tulie being accurately measm-od at ficquent intervals. No effect 
was noticeable until a pressure upon the marble, varying of course with 
the thickness of the onclosuig tube, but generally about 18,000 lbs. 
to the equate inch, was reached; when tho tube was found to slowly 
bulge, the bidgo lioing symmetrical and confined to that portion of the 
tube surrounding the marble. The distension was allowed to increase 
until the tube showed signs of rupture, when the pressure was 
removed and the experiment concluded. The conebtions under 
which the marble was submitted to pressure were four in number:— 

1. At the ordinary temperature in the absence of moisture. (Cold 

dry crush.) 

2. At 300° G. in the absence of moisture. (Hot dry crush.) 

3. At 400° C. in the absence of moisture. (Hot dry crush.) 

4. At 300* C. in the presence of moisture. (Hot wet crush.) 

Eight experiments were made on marble columns at the ordinary 
temperature, in the abeence of moisture, thereto at whiob the pressure 
was applied differing in diffarent cases, and the consequent deformation 
being in some cases very slow and in others more rapid, the tune 
ocoupied by the experiment being from ten minutes to sixty-four days. 
Tlie amount of deformation was not in all cases equal, as some of the 
Ihibes showed signs of rupture sooner than others. On tiie oomple- 
tioB of the experiment the tvibe wm slit through longitudumlly by 
m a n s of a narrow cutter in a milling maehine, along two Unw 
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opposite one another. The marble vithin was found to be still firm 
and compact, and to hold tho respective sides of the tube, now com¬ 
pletely sevoiod from one another, so firmly together that it was 
impossible without mechanical aids to tear them apart. By means of 
a steel wedge ilriven in bet\koou them, however, they could Ihj separated, 
but only at tho coat of splitting the marble through longitudinally. 
Tho half columns of tho marble now deformed goiiorully .wlhoie so 
firmly to the tulie that it is necessary to spread the latter in .a vice in 
order to sot them fioe. Tho dofoimed marble, while firm and comjiaot, 
difiers 111 appeal anco from the original rock in possessing .1 dead white 
colour, some what liko chalk, the glistening cleavage sui faces of tho 
caleile being no longer visible. Tho diftoienuu is well brought out in 
certain cases owing to the fact that a coitaiii poi tion of tho onginal 
marble often remains unalteied and unaffected by the pressure. 
This when present has the form of two blunt cones of obtuse angle 
whose Imisos aie tho onginal ends of the tolumiis resting against the 
faces of tho steel plugs, while tho apices o.vtoud into the mass of the 
deformed niaible and point toward one another. Those cones, or 
rather paralxilas of rotation, are duveloiied, us is well known, ia all 
cases when cubes <>1 lock, Portland cement, or t.ist iiou are cnished 
in a testing machine in the otduiaiy manner. In the piesent expe¬ 
riments they seldom form any largo portion of tho whole m.isB. 

In order to tost the strength of tho deformcil lock, throe of the half 
columns fiom different experiments, obtained <is above described, were 
selected and tested in compression. The first of these, which had Iieeu 
deformed very slowly, the experiment extending over sixty four days, 
crushed under a load of 6350 lbs. iior square inch; the second, which 
had been deformed in hours, crushed uiuler a load of 4000 lbs. per 
square inch; while the third, which had been qmckly deformed, tho 
expenment occupying only 10 minutes, cmshcil under a loud of 2776 lbs. 
per square inch. As mentioned above, the 01 iginal marble, in columns 
of the dimensions possessed by these befoio deformation, was found to 
have a crushing weight of between 11,430 and 12,026 lbs. per square 
iuch. These figures show that, making all duo allowance for the 
difference in shape of tho specimens tested, the marble after deforma¬ 
tion, while in some cases still possessing considerable strength, is much 
weaker than the original rock. They also toad to show that when the 
deformation is carried on slowly the resulting rock is stronger than 
when the deformation is rapid. 

Ihin sections of the deformed marble, passing vertically through the 
unaltered cone and the deformed portion of the rock, wore readily 
made, and when examined under the microeoope clearly showed the 
nature of the movement which had taken place. The deformed portion 
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nnaltored cono. This turbid uppoorance la most marked along a scries 
of reticidating linos nuining through tho sections, which when highly 
magnified are <(C('n to consist of linos or lianils of minute calcite 
granules. They mo lines along which shearing has taken place. The 
calcite individnals along those linos h.ive broken down, and tho frag¬ 
ments so produced have moved o\er and past one another, .md remain 
as a compict ni.iss after the movement ceased In this graniildted 
material .ire enclosed great nnmliers of irioguUi fragments and shreds 
of caleito ciysuls, bent .md twistisi, which have licon r.iniod .dong in 
the moving mass of gr.innlatcd c.ilLite as the shearing jirogicssod. 
This stinctiue is therefore c.itacla8tic, and is identical with that st'en 
in tho felspirs of m.iny gneisses. 

Between these linos of gr.uiul.itod materia! tho nuirble show's move* 
mouts of another sort. Most of tho calcite imlividnals in these pisi- 
tions e,m Iw seen to h.ive liecn sqiieered against one .uiothei and 
in many c.ises a distinct flattening of tlio grains has robultod, with 
marked strain shadows, imhcating that they have lii'en liont or 
twisted They show, moreovei, u finely fibrous stnictiirc in most 
cases, which, when highly magnified, is seen to be duo to an o\ticmely 
minute polysynthetic twinning. 'Fhe ih.ilky aspect of the deformed 
rock IB in fact duo chiefly to the destruction by this ropoatod twinning 
of the continuity of the cicavago surfaces of tho calcite individuals, 
thus making the rofletting snitaccs smaller. By this tw liming, the 
calcite individuals are enabled under the pressiue to .dler tlicir 8h.ipe 
somewhat, while tho fl.ittoiiing of tho grains is evidently duo to move¬ 
ments along tho gliding planes of the crystals. In these p.irt8,’ thoro- 
fon*, tho i<x-k presents a coutmnous nios.iic of somewhat flattened 
grams. 

iYom a study of the thin sections it seems probable that very rapid 
deformation tends to increase the relative .abundance of tho granulated 
matenal, and in this way to make the rock weaker than when tho 
dofomuition it. slow. 

WTien tho marble is heated to 300” C. in a suitaiily-constructod 
apparatus and is then subjected to deformation under conditions which 
otherwise .ire tho same ns before, the cataelostic structure is found to 
lie absent and tho strength of tho deformed m.irblo rises to 10,652 lbs. 
to the square inch, that is to say, it is nearly as strong ns tho original 
rock. The calcite grains, which in the original rock are practically 
equidimcusional, are now distinotly flattened, some of them being three 
or even four times as long us they are wide. Some grains can be seen 
to have been bent around others adjacent to them, the twin lamelle 
curving with tho twisted grain. In others again of these twisted 
lamellte, the twinning only extends to a certain distance from the 
margin, leaving a clear untwinned portion in the centre. The rook 
oonsuts oi a uniform mosaic of deformed calcite individuidB. 
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When the deformation is earned out at 400’ C., no trace of cata- 
clastio structure is seen 

An experiment was then nuulo in which the nutble was deformed 
at 300* C., but in the prosoneo of moisture, water being forccfl through 
the rock under a pressure of 460 Dns jicr sipiaie inch dunng the 
defonuation, which oxteiulod o\er a pernal of lifty-four (lays, or nearly 
two mouths Under these eonditions the marble yielded in the same 
manner as when <lefomied at 300 C , in the .ibsenco of moisture, that 
is, by movements on gliding pl.incs and by twinning, but without 
cataclustic action. 1'ho defurmeil marble, however, when testcil in 
compression, was found aetindly to Im) slightly stiougoi than a piece of 
the onginal maible of the s.imo shape. The structure developed was 
identical with that of the m.iiblo dofoimed at 300 C in the absence 
of w.iter. Tlie pieseiico of w.itcr, thcieforo, did not influence the 
character of the deformation It is <inito possible, however, that there 
may liave been a deposition, of iiifiuitesnnal amount, of calcium 
carbonate along vciy minute ti.icks or fissures, which thus helped to 
maiiiUun the strength of the lock No signs ot buch deposition, how¬ 
ever, wei-o Msiblo 

By btudying the marble defoimcd at a teiuporature of 300’ C., or 
better at 400“ C, it will lie seen that Htriictuicb ludiued in it by the 
movements, and the nature of the motion, are precisely the same as 
those oliserved in metals when they are dcfoimed by impact or by com¬ 
pression. In a recent p.iper by Messrs. Ewing and Kosenhain, 
“Experiments in Micio-metallurgy• Effects of Strain,” which ap¬ 
peared in those Proceedings, thiec photogiaplis of the b.imo surface of 
soft iron, showing the results of piogressivo deformation under pressure, 
are shown, which photographs could not lie distinguished from those of 
thill softions of the marble described in the picsent paper, at corre¬ 
sponding stages of deformation. In both cases the movements are 
caused by the constituent erystalliiio indnnliuds sliding upon their 
gliding planes or by polysynthetic twinning. In both eases the 
motion 18 facilitated by the application of heat. The agreement 
between the two is so close that the tern “ flow " is just as correctly 
applied to the movement of the marble in compression under the 
eonditious desoriliod, as it is to the movement which takes place in 
gold when ^ button of that metal is squeezed flat in a vice, or in iron 
when a billet is passed botw'eon rolls. 

In order to ascertain whether the stniotnres exhibited by the 
deformed marble were those possessed by the limestones and marbles 
of contorted districts of the earth's cnist, a series of forty-two speci¬ 
mens of limestones and marbles from such districts in various psHs of 
the world were seleoted and carefully studied. Of these, sixteen were 
f^d to exhibit the structures seen in the artificially-deformed marble, 
Ia these oases the movements had been identical with thoee developed 
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in the Cnrrara marble. In six other cases the structures bore certain 
analogies to those in the deformed rock but were of doubtful origin, 
while in tho lemaimiig twenty the structure was diflerent. 

The following w a summary of tho results arrived at;— 

1. By submitting limestone or marble t<j diirerontial piessuros ex¬ 
ceeding tho olubtie limit of the rock and under the combtions doscrilied 
in this paper, permanent defoimutiun Cfin lie producerl. 

2. This dcfoinnition, when carrieil out at ordinary temperatures, is 
due in part to ;i latacbistic structure and in part to twinning and 
gliding movements in tho incLvidiial ciystals compiising the roik 

3. !^th of these stiuctiiios .ire seen in coiitortetl hmestuues and 
marbles in n.iture. 

4. When the ilefonnatioii is earned out at 300° C, or better at 
400° C , tho caWl.ifatir structure is not developeil, and tho w'holo move¬ 
ment 18 due to changes in the shape of tho cumponent calcito ciystals 
by twinning and gliding. 

6. Tins lattei movement is identical with that produced in metals 
by squeo/iug or hammering, a uiovemeut which in metals, as a general 
rule, as in marble, is facilitated by increase of temperature. 

6. There is therefore a flow of marble just as there is a flow of 
metals, under suitable conditions of pressure. 

7. Tho movement is also identical with that seen in glacial ice, 
although in the latter case the movement may not be eutii^y of this 
character. 

8. In those experiments the piosenco of water was nut obsorvod to 
exert any influence. 

9. It is believed, frofn the results of other experiments now being 
carried out but not yet completed, that similar movements can, to a 
certain extent at least, be induced in grumte and other harder crystal¬ 
line rocks. 


“ lines of Induction in a Magnetic Field.” By H. S. Hkle-Shaw, 
F.IhS., and A Hay, B.So Hooeiveil June 13,—Read June 
21.1900. 

(Abstract.) 

When a viscous liquid flows in a thin layer between close parallel 
walls, the motion takes place along stream-lines identical with those of 
a perfect liquid. The course of the stream-lines may be rendeired 
evident by injecting into the clear liquid thin bunds of ook>i,)red liqi^ 
If the thiekoees of the liquid layer be varied, then there will he a 
decrease of resistaoce to the flow wherever there is an-dnoreese of 
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thickness As a consequence, there will be a conveigenco of the 
Btieam lines on the area of greatei thickness 

When experiments with liquid liycrs of variable thickness were hrst 
tned, A geneial lesemblauio win noticed between the stream lines so 
obtained and the lines of indwtioii due to the picseiuo of a pci me iblo 
substance in i unifotm niignetu held 

The mini object of the piesont piper w is to investigate iccui itely 
whethei complete (utrcsjioiidonce )h tween the two i wes icilly existed, 
and, shoidd luiiespoiidciKO lie estiblished, to ippl> the method to the 
solution of a niimlici of two dimension d migiietu pioblcms ihe 
liisostigition thus in\ol\e<l— 

(1) A nuthcmaticil tiettniont of the subjeit by moans >f which 
plotted diagiamb coal 1 I o obtained foi compiiison with experimental 
results 

(2) The constiwtiou of ippai itue cipiblo of giving ex lit results 
which could bo photogi iphcd 

(1) The iiivestigition of the liws coiiuocting the iite of flow with 
the thickness of film of the liquid used 

The thooretu il c ise selectu I as i test case w is that of in elongated 
elhptic cylinder placed with its mijoi axis dung the field the 
permeability lenig asbumod to lie 100 The hucb of indiw tioii for this 
csbe ato showu in the accompinying diigrim md wtie calculiled and 
plotted by the method explained in the pijici 


Dtacram 



Jt, fot the moment, we aaeume that the liquid streembnes are 
iduDfitoe) with bttes magnetio induction, then the foUowtng oorre* 
i|K»tdebc6 between the two oases bolds — 
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lAqHul Fhw. 

(a) PrmBure gradient. 

(b) Kate of flow per unit width of 

liquid layer. 

(i) Katio of (i) to («). 


MiujnHw Induction. 

(*) Magnetic intensity or force. 
(fl) Magnotio induction. 

(y) Permeability =» ratio of (Ji) 
to (a). 


From thw it is evident that the p6mic.ibility cornispouding to a 
given ratio of thicknesses of the liquid layer is giien by the latio of 
the rales of flow, pur unit width of layei, for the two thicknesses, 
assuming the s<imo pressure gi.ulient for both. Tlie connection 
liotwoon the mte of flow and the thickness fui a given giadient of 
pressure was carefully investigated in a senes of pieliminary expoii- 
ments, and it uas found that the rate of flow viined as the (ubc of the 
thickness—a residt which was afterwards confirmed by a thcoiotioal 
investigation The permeability in the magnetic problem is thus given 
by the ratio of the < iilx s of the two thicknesses. 

A sti(>am-line diagiam corresponding to the theoretical diagr.am 
given above was next obtained, and on superposing the two it was 
found that their lines \> ere pnictically coincident. 

The soiuidnohs of the method us applied to two^iimonsional piobloms 
in magnotio induction having been thus established, the authors pro¬ 
ceeded to apply It t<j a number of special cases, many of which could 
not be successfully attacked by any othoi method. The paper is 
accompanied by a laigo number of photogiaphs, showing the results 
obtained. Some of these are of importance from an electiical-engi- 
noeriiig standpoint. 

The method described is tho only one hitherto known which enables 
us to determine the lines of induction in the substance of a solid 
magnetic hotly. It is equally appbcable to two-dimensional problems 
in magnetic induction, electrical flow, and heat conduction. 


“ The Distributiou of Molecular Energ)'." Ky J. H. Jeans, B.A., 
Scholar of Trinity College, and Isaac Newton Student in the 
University of Cambridge. Communicated by Professor J. J. 
Thomson, F.RS. Received .Tune 14,—liead June 21,1900. 

(Abstract.) 

This paper attempts to examine the well-known diffiouhiea in con¬ 
nection with the partition of energy in the molecules of a gas. A 
definite dynamical system is first considered, an ideal gas in which the 
molecules are loaded spheres, that k, spheres of radivis a, of which the 
centre of nuum is at a email dietanoe, r, from the geometHcal centre. It 
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is shown by direct methods that the energy Mill, after an infinite 
time, distribute itself equally between the five degrees of freedom, 
but when a wave of sound is passed through the g.w, the oiiorgy will 
never have suflScient time to attain to its eqiubbi ium distribution. It 
is shown that sounds of diffeieiit period wrill lie propagated with uppio- 
ciably difTerout velocities, except in the extreme case iii which the ratio 
of > to u is almost, but not necessarily quite, zero To this case, the 
ratio of the two spetifii heats, as dctcrmiued fiom indiipct experiments 
on the velocity of sound, would be 1 '•{, while diwi t experiments might 
give any value from 1- to Ij, the value VtU-yiiig with the duration of 
the exiKiriment 

It IS suggested that an osiapo fiom this dilemma is made possible by 
regal ding the molecules AS foiming an incomplete dynamical system, 
of which the ether is the icmaining p.iit. h’oi purposes of illustration, 
it is imagined that the inteiattioii lictwoon the two pirts of this com¬ 
plete system conibists of a frit tional force which retards the rotation of 
the molecules. A stoatly state is now' impossible, but it is shown that 
when the energy (i.c., temperatuie) of the g.is is sufficiently low, the 
g.» tends to assume ah approxim.itely stc.vly state, in m Inch the energy 
of rotation vanishes in comparison m ith that of tr,uislAtioii 

It IS then shown that these conclusions may be gencrAlisutl, so as to 
apply to a more complex system of molecules, these molecules possess¬ 
ing An indefinite mmil»er of degrees of freedom, and luteiiiAl potential 
energy as well as kinetic. The molecules exert foi ( os on one another 
at any distance, and the radiation is of a more general typo than 
before. 

In I’ATt III some of the physical consequent cs of the view hero put 
forward are examined. The final conclusions mo briefly as follows:— 

The degrees of freedom must bo weighted, not conntotl. Tlie weight 
of a degree of freedom may be anything lictwcuu unity aiuI zero, and 
may viuy with the tempcuituro. A degree of fi-eodtim which does not 
radiate oneigy wdll always ho of weight unity; for a iioii-luminous 
gas, one which docs ladiato energy when the gas is boated is of weight 
zero. 

As the gas is heated, the radiation and internal energies will in¬ 
crease much more rapidly than the temporAture, until finally, at infinite 
temperature, the energy is distributed equally between all degrees of 
freedom. 

Finally, it is pointed out that this view is in accordance with ordin¬ 
ary thermodynamics for^ non-Innunous gas, but that the ordinary 
thermodynamics must be supposed to break down above the tempera¬ 
ture of incandescence, a view which has already been put forward, in a 
modified form, by Wiedemann. 



Dr. H. T. Bartiea On the Cnjpneity for Heat of 


” On tlio Cajmcity for TTcat of Water betwwn the freezing and 
Boiling Points, together with a Determination of the 
Mechanical TJqnivalcnt of Heat in Tenns of the International 
Electrical riiils —Experiinonta by the t'ontinuous-flow 
Method of ralonnietry performed in the Macdonald Physical 
Laboratory of McOill Univereity, Montreal” By HowAKD 
TuuNKii Baknes, MA.Sc., IXSc. Jonle Student. Omiinuni- 
fiited by Professor H Tj. (Ialiejuur, KRS Eecoived June 
15,—Bead Juno 21,1900. 

(Abstract.) 

At the Toronto meeting of the British Association in 1897, a new 
method of calorimetry was proposed by Professor Callendar and the 
author for the determination of the specific heat of a liquid in terms 
of the nitemational electrical units. At the Dover meeting in 
Septemlior, 1899, some of the general results obtained with the 
method for water over a part of the range lietwoen 0° and 100° 
were communicated, with a general discussion of the liearing of the 
experiments to the work of other observers. In the present paper 
the author gives a summary of the complete work, in the case of water, 
to determine the thermal capacity at different temperatures Ixitweon 
the freesiug and boiling points. 

T/ieorff of the Metlio>I, 

If a continuous flow of liquid in a tnlie be made to carry off a con¬ 
tinuously supplied quantity of beat EC, in electrical units, then after 
all temperature conditions have become steady 

-»»)<+(«!- EC< 

where 

J n mechanical equivalent of heat, 

Q » flow of liquid per second, 
s n the specific heat of the liquid, 

6o «° the temperature of the liquid flowing into the tube, 

$1 •• the temperature of the liquid flowing out of the tube, 
h - the heat loss per degree rise of temperature from the liquid 
flowing through, 
t - the time of flow. 

In the case of water, E rqireeente the E.M.F. across an deotriesl 
heating conductor in the tube, aiul C the current Sewing. In this 
easeb whi^ is treated of entirely in the present paper, Js is replaoed 
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Ly 4 8 (1 ± 8) where 8 is a am ill quantity to bo detei mined and vanes 
with the thermal capacity of the witer which is not exactly equal to 
4 2 joules at dl points of the range 
Substituting in the goner il equation rearranging teims and dividing 
through by f thi t juation is given in the following form — 

4 2Q(fl, e)S + (9i 0)7t - hC-4 2Q(tfi 6) 

which IS tormel the goi eiol difference equation of the method The 
two terms 8 in 1 /i m ij bo dotennmedbj using two i dues of Q giiuig 
two equations of the f rm 

4 2Q (01 + 0 )S 4 (01 0 )/ = FA 4 2Q (0, 0o) 

4 2QXfl 0)A+(0 0)h FjC 4 2Q(02 0 o) 

lor the same laluo of 0 if the olectneal supply fit the tno flows 
18 regulated so that 0i 0^ then 6 8 8 in 11 y elimin iting h, 

8 « (^iCi 4 2 Qi( 0. 0») ) (EC 4 2 (j(0, 0«)) 

42^ Q)(0. (?o) 

which corrospon Is to the me in temperature 



where (0i - 0,) is not too great 

In the present method the flow tube is of gl iss aixmt 2 mm m 
diameter connected to tuo larger tubes forming an inflow and lui 
outflow tube m which the temperature of the water is read by a 
differential pair of platinum thermc motets leforo and after being 
heated by the electric current A glass vacuum jacket surrounds the 
fine flow tube and a part of the inflow and outflow tul es to reduce the 
heat loss as much as possible A coppei water jacket encloses the 
inflow tubes and vacuum jacket in order to maintain the glass surface 
of the viicuum jacket always at a constant temperature equal to the 
mflowing water The heat loss from the water is then the loss due to 
radiation from the flow tube through the vacuum jacket, and oondue 
tion from the ends of the flow tubes 
In testang the accuracy of the method the dependence of the heat 
loss oa the rue of temperature was found and the dependence of the 
heat loss on the flow 

Measunmeni of Fmdamental CotudatUe 
The eleotnc heating current suppbed to the wire oondoctor in the 
tube was taim from four large S00«np6ta hour acctianlatore 
IK «aa paaied thniiuglh a standardised resutaaee in senes with the iHre 
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condnctor and in addition a specially constructed rheostat, by which 
small udjustmonts to the circuit could be made for regulating the heat 
supply. 

The mensurcment of the differont constants entering into the 
general differeiuo equation of tho raethcsl is treated of luider two 
heads, Electiical and Thermal. In the first, the Clark cell and resist¬ 
ance form the priniipal mo<vsnromontb, and in the scound tho measure¬ 
ment of tcmpor.iture, time, and weight h<ivo to lie considered. An 
exceedingly acnirate potentiometer av.w employed to determine the 
difterouce of potential ac-ross tho resrstanco and ciJorimotei in terms 
of tho E .M.r of tho Clark cell 


KIfn HMPiiUil Piottf of Ih- Thi’ori/ of the Mttiiml. 

In this section iho author shows that the deiiendence of the heat 
loss per degree rise in the e.iIoiimeter vanes in a linoat ielation to the 
flow in proportion to 4 2 QS licyond ccitain limits of flow, and that 
this is essential for tho fulfiliuout of the theory of the method For 
very small flows tho conduetion eflcct at tho outflow end, duo to tho 
rise of tomporaturo in the water, appears and causes tho line repro- 
aoiiting tho i elation of heat loss to flow to approach an infinitely largo 
value of the heat loss for a iscro flow. The limitii of flow chosen in the 
present nieasiiremcnts are safelj' included within the linear relation. 

The I elation of the ho.it loss to the rise of temperature shows that 
for rises of fiom 2’ to 8' and beyond, tho heat loss is diioctly pio- 
portional to the lise. Tho thermal capacity of tho calonmetor is cal¬ 
culated, and it is shown that for the small changes in the temperature 
of the calorunotcr during an experiment this is negligible. 


Effai of Slreaui-tme Motion. 

Some of tho earlier results are given in this section, showing tho 
effect of stream-line motion on the distribution of heat throughout 
tho water column for a calorimetei with a 3-mm.-hore flow tube for 
differont flows. The temperatuie of the heating wire used for those 
experiments is also calculated, and found to vary considerably when 
moved from the centre to the sidos of tho tube. It was foimd neces- 
saiy to thoroughly stir the water in its jiassage through the flow tube, 
in order to ensure a perfectly* uniform temperature throughout the 
water column. 


Preliminary Meamrmentii. 

The preliminary moasuremente of the value of J, which were nuMltf 
in the ■umm^ of 1898, were affected by the presence stream-line 
motion in thq tube, as at that time no device was introduced to 
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obviate it. Owing to the citlorimeter which was used then, however, 
having only a 2 mm.-bore flow tube, the ofleot was not so large as for 
the tube with a 3 nun, bore. The value which corresponds to a tem¬ 
perature of the watei of 30° C. is 4*1806 joules, which agrees to 1 part 
in 2000 with the later and more accurate measurements which were 
obtained for all the calorimeters with the various devices for elimi¬ 
nating the stream-lines. 


Kjjtrnimnti Mwrn, 0* awl 100°. 

In this section the complete list of fifty-five tables is included, 
giving upwards of foity-five coniplcto experiments at different parts of 
the range. The experiments have extended over just a year, and 
divide themselves naturally into eight separate series. The results 
with different calorimeters and with different rises of temperature are 
included. Summarising the results and plotting the values of 3 for all 
the experiments, the following values of 3 and the corresponding 
values of J arc obtained from the smoothed curve:— 

Summary of the Specific Heat of "Wator from Smoothed Curve. 


Tumpcrature. 

-c 

S. 

j. 

5 

-HO 00260 

4 2105 

10 

-000050 

4-1979 

15 

-0-00250 

4-1896 

20 

-0-00386 

4-1838 

26 

- 0-00474 

4 1801 

30 

-0-00623 

4-1780 

36 

-000646 

4-1773 

40 

-0-00646 

4-1773 

46 

-0-00620 

4-1782 

60 

-0-00480 

4-1798 

66 

-0-00430 

4-1819 

60 

-0-00370 

4-1846 

65 

-0-00310 

4-1870 

70 

-0-00246 

4-1898 

76 

-0-00180 

4-1926 

80 

-000114 

4-1964 

86 

-0-00043 

4-1982 

90 

+ 0-00026 

4-2010 

96 

+0-00090 

4-2038 


Mean value .. 

. 4-18876 


The values of 3 represent the specific heat of water in terms of a 
tiwnael unit equal to 4‘2000 joules, which occurs at 9* C. It is more 
you WtTn. T 
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suitable to select a thermal unit at a more convenient part of the 
scale. The moan value of the mechanical equivalent of heat from 
these measurements over the whole range is 4‘1887C joules, which is 
very nearly equal to the value at 16’ C, which is 1 1883 joules. It 
seems desirable to select a unit at a temperature which, if at the same 
time at a convenient part of the soalo, may bo equal to the mean value 
over the whole scale. The author has in consequence adopted a unit 
at 16° C , and has expressed the specific heat of water in the following 
table in terms of this unit:— 

Variation of the Specific Heat of W.itor in Terms of a Themul Unit 
at 16° C 

Tcmjirmture Obiencit \alucii CHlcnlntnl ^iiIiiah 


.•i 

100630 

1 0041C 

10 

1 00230 

1-00206 

16 

1 00030 

1-00021 

20 

0 99896 

0-99894 

25 

0 99806 

0 99807 

30 

0-99769 

0 99757 

35 

0-99736 

0 99735 

40 

0-99736 

0-99735 

45 

0-99760 

0 99757 

60 

0-99800 

0 99807 

65 

0-99860 

0-99894 

60 

0-99910 

0 99910 

65 

0-99970 

0-99972 

70 

1-00035 

100036 

75 

1-00100 

1-00100 

80 

100166 

1-00166 

86 

1-00237 

1 00233 

90 

100308 

1-00301 

96 

Mean.... 

1-00370 

.. 1-00012 

1-00.170 


In expressing the results in a formula it is impossible to fit any one 
simple expression over the whole scale. It is seen that the curve falls 
rapidly from 0°, passes through a minimum point at 37‘6°, and in¬ 
creases again lees rapidly towards 100*. Two formults can be fitted 
very accurately over the scale. Between 6° and 37-5° C. the following 
expression in terms of a thermal unit at 16° is found to read, 

S - 0-99733 + 0-0000036 (87-6 - 0*+0-00000010 (37-6 - (f. 
same formula holds hetwemi 37-6* and 66* by Idmply coasidor- 
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ing all values of the cubical term positive. Above 65° the simple 
formula 

S - 0-99850 + 0 000120 (f-66")+ 0 00000025 (<-86)^ 
holds with great accur.ity. 

Both those formnUc .irc given for comparison in the second table. 
They fit very clf>s«'ly cvccpt l>clc»w 5°, where the specific heat curve 
increases more rapidly. These lower v.iliws are withiu 1 part in 1000, 
however. 

A summary of the v.ilncs obtained for the r.uliation loss shows that 
the alisolute value for any one (.ilonmeter c.innot be relied on to au 
onler of accuracy greater than 1 p.irt in 1000 over extended periods. 
This is particuluily tme when the tempeiaturo of the caloiimeter is 
widely changed It was found most essential to always eliminate the 
heat loss from at least two ilifferont flows in order to bo completely 
independent of its absolute value. The complete independence of the 
results from the value of the beat loss, piovideil this remained con¬ 
stant throughout the time of an expenment, was shown liy employing 
calorimeters with ilitforont degrees of vacuum involving widely differ¬ 
ing values of the heat loss The temperature coetficicnt of the radia¬ 
tion loss was found to bo .vlniost exactly liiicar ov-er the range of these 
experiments. 


Itrlutwn to flir IFoik of oflur Ob'<iiin\ 

It is at once apparent that the value of the mean mechanical equiva- 
lentof heat obtained from these measurements, which is 4'1887C joules, 
is somewhat larger than the exceedingly accurate and trustworthy 
meusnromonts of Beynolds and Moorby. Their value, which is 
4-18320 joules, is lower by 0-1.32 per cent, or a little over 1 part in 
1000 . 

It is evident that this error may be attributed to the neglecting of 
tome correction factor in the present series of experiments at the 
oxtromities of the range, which would cause the variation curve to 
increase more i-apidly than it truly does; hut from the order of accu¬ 
racy with which the theory of the present experiments holds at the 
oxtremities of the rungo, it is far more likely that the variation 
curve is correct, and that the difference in the two resnlts is to bo 
attributed to an error in one of the oonstante. The thermal constants 
employed in the two different experiments ore referred to the same 
Talues, hut the introduction of the value of the electrical units into 
the jNresent series of experiments, which do not enter into the oaknla- 
taoQ ci Reynolds’s and Moorby's result, renders it highly,probable 
tlmt the error is to be looked for here. In view of the itnnmna^^ 
of labour expended in establishing the value of the inter- 
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national ohm, it is probable that the error is not there. The recent 
work on the absolute value of the Clu'k cell, which is demanding so 
much attention just now, and which has so far given so many incon¬ 
sistent results, makes it very probable that the value of the Clark cell 
adopted in the present work is in error. If this is so, then, as is 
pointed out, the value of the Clark cell must l>o taken as 1*43325 int, 
volts at 16' C., in order to bring the present senes of experiments, 
involving both the international volt and ohm, into absolute accord 
with the result by the direct mechanical method of lleynolds and 
Moorby, 

Having considered the above relationship, the mean value of the 
mechanical equivalent given by Kowland’s expenmonts lietween 6' and 
36° C. 18 compared with the same mean value from the present series 
of experiments over the same range. By expressuig thiis latter value 
in terms of the value of the Clark coll 1*43326 volts, or as may lie 
said in terms of Keynolds’s and Moorby’s determination, instead of the 
original value 1*43420 volts used in calculation, it comes equal to 
4*1817 joules. The value obtained from Rowland’s corrected curve 
is 4*1834 joules, which agrees with the present series of experiments 
to 1 part in 2000. This is a discrepancy so small as to lie, if not 
wthin the limits of error of these several detorminations, at least 
negligibly small in comparison to the great range covered by the 
present series of experiments. 

By far the most difficult part of the present series of experiments 
is the comparison of the absolute value of the mechanical equivalent 
of heat obtained from these experiments with the values obtained by 
the electrical method used by Griffiths, and by Schuster and Gannon, 
even when our several results are expressed in terms of the same values 
of the units used. There is every reason to believe that the values 
of the resistance standards used in the present work were the same as 
those used by both those investigators. It is also highly probable 
that the values of the Clark cells in the present series of experiments 
were in correct agreement with all the boat results that We been 
obtained in setting up this electitnihemical combination. It is probable 
that the difference in the values obtained by Griffiths, and by Schuster 
and Gannon, from the value obtained in the present series of ezperi- 
ment^p must be attributed not to these, but to the radical difference in 
tlie methods of calorimetry. 
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“ Energy of Rdntgen and Becfiuorel Bays and the Energy required 
to produce an Ion in (rases.” By E. Kuthkbfobd, M A., B.So., 
Macdonald Pmfessor of Physics, and It K. McCl.WNG, B.A., 
Demonstrator m Physics, McGill University, Montreal. 
Conmiuuicated by Professor J. J. Thomsok, F I{.S. Keceived 
June in,—Bead June 21,1900. 

(Abstract.) 

The primary object of the investigations described in the paper was 
the determination of the energy required to produce a gaseous ion 
when X rays pass through a gas, and to deduce from the result the 
amount of energy- radiated out into the gas by uranium, thorium, and 
the other radio-active bubsUnces. 

In order to determine this “ ionic energy " it has been necessary to 
accurately measure the heating elfect of X rays and the absorption of 
Bontgon radiation in pasbing through a gas. 

The coefficient of transformation of a fluorescent screen excited by 
X rays as a source of light has also been investigated, and a simple 
practical method of expressing the intensity of Kontgen radiation in 
absolute measure has been explained. 

The method adopted to determine the ionic energy was briefly as 
follows 

The maximum current lietween two electrodes produced by the 
ionisation of a known volume of the gas by the rays was determined. 

In order to ionise the gas energy has to lie absorbed, and the 
intensity of the radiation falls off more rapidly than the law of inverse 
squares. Assuming that the energy of the radiation absorbed in the 
gas is expended in the production of ions, then, knowing the coefficient 
of absorption of the rays in the gas, the total current produced by the 
complete absorption of the whole radiation given out by the bulb into 
the gas can be deduced. 

Let I - maximum current produced by the total ionuatiun of the 
gas by the rays, 

» - number of ions produced, 

€ - charge on an ion. 

Then t » nc. 

Let H heating effect due to the rays when abscffbed in a metal, 

E » total energy of the rays in ergs, 

Th«i E «■ JH, where J •- Joule’s equivalent. 

If W > average energy required to ^oduce an ion, then 
»W - S - J.H, 
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The values of H and t are experimentally deternuned, and, assuming 
the value of e, namely, 6*5 x electroetatic luiit, determined by 
J. J, Thomson, the v»iluo of W is found in alwolntu measure. 

In the course of the mvestigation the following sulijects have been 
considered:— 

(1) Measurement of the heating oflect of X i ays. 

(2) Efficiency of a fluorescent screen excited by X rays as a source 
of hght. 

(3) Alworptioii of X rays in gases at dilTerent pie'jsuios. 

(4) Determination of the energy required to produce an ion in air 
and other gases, uicluding deductions on— 

(«) Distance between the charges of ions in a molecule. 

(4) Minimum potential ihflerence reqniml to piuduce a spark. 

(5) Energy of Becquerel rays and ennssion of energy by radio-active 
sulMtancos. 

Jlmtm/ Ejlfut oj X Jlntj’). 

An automatic focus tube was employed, excited by a laigo mduotion 
coil with a special form of Wehnoldt intcnuptoi giving fifty-seven 
breaks per second. The bulb g.ivo out intense rays of a very pene¬ 
trating character. 

The heating effect u'as measured by determining the variation of 
resistance of a special platinum liolometer when the rays fell upon it. 
A platinum strip, about 3 metres in length, 0 5 cm. wide, and 0 003 cm, 
thick, was wotmd on a light mica frame 10 cm. equate Two such 
“ grids,” as similar as possible, weie constructed, and formed the two 
arms of a Wheatstone bridge. A Iialance was obtained for a momentary 
pressing of the battoiy key, using a sensitiiu galvanometer. Thu rays 
were then turned on for SO or 45 seconds, and the deflection from zero 
determined immediately after the rays were stopped. 

In order to measure the heating effect, a current was sent for the 
same time as the rays acted tlirough the gnd, and its value adjusted 
until the deflection due to the heating of the grid w'us the same as for 
the rays. When this is the cose the heat supplied per second to the 
grid by the rays is equal to the heat supplied per second by the 
current 

Thus, heating effect of rays per second » 0 24t^ B caloric, where 
t - current through the grid of resistance R 

The grids were enclosed in a lead vessel with an al uminium window 
to let in the rays. The whole waa surrounded by a felt covering, and 
),NVwal aluminium plates intervened between the bulb and the g^ so 
that any heating effect, except that due to the rays, was completely 



Energy of Mniyen and Bee^erel Bays, die. 247 

About 0’65 of the energy of the incident rays was absoibed in the grid. 
Some of the energy of the rays was used up in excitmg secondary 
radiation at the sutface of the platinum grid, hut the amount was not 
large, and was neglected in eomptirison with the total eneigy of the 
rays. 

The rate of supply of heat to the grid aiea 92‘2 sq. cm. at .i distance 
of 26 cm. from the sourec of rays was 

0 OOOU grammo-ealuiie per second 

The total energy of the lays given out from the fiont surface of the 
platinum antikathode (omitting aliaoiptiun of lays in the glass of bulb, 
m air and screens) was 

0 011 gramme-cidorie per second, 
or 0‘046 watt. 

The number of discharges per second was 07, and assuming 
10 '*^ second* us the aveiuge diuation of the lays dunng each dis¬ 
charge, the ma.viiniim late of omission of eneigy fioni the bulb 
= 19 5 calories pi*r soconrL 

The heating effect of the sun’s lays falluig normally on 1 sq. cm. of 
surface - 0*035 calorie per second. The maximum late of emission 
of energy from an X-ray bulb is thus 560 times greatei than the energy 
of the sun’s rays at the surface of the oaith. 

Borne experiments weie made on the heatmg effect of the rays, using 
a thermopile, but it was found to be a very unsuitable instrument for 
such a deteimination. 

Ejfidfneif of a Flumescent Eirtm. 

Photometiic comparisons were made of the light from a fluorescent 
screen vi'ith that of the standard Hefner-Alteneck amyl lamp, using a 
Lummor-Biodhim pi ism. With a screen of platinocyanide of barium 

Intensity of light from screen ^ 0*0206 
Intensity of light from amyl lamp 

Tumlirst has shown that the energy of the visible light from an 
amyl lamp falling normally on 1 sq. cm. surface at unit distance 
- 0*00361 gramme-calorie per second. 

For X rays of the same intensity as were used in the photometrio 
measurements, the energy under the same conditions 
. 0*0028 calorie, 


• Tiottton, ‘Brit, Aswo Beport,’ 1896. 
t ' WUd. AasslV vol- 88, p. 640. 
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or the rate of emission of energy per second as visible light from the 
Hefner lamp is nearly twice the rate of emission of energy from the 
X-ray tube. 0-73 of the energy of the rays was absorbed in the 
screen. 

The efficiency of the transfoimation of X rays into visible light by 
the screen (compaiod with the Hefner lamp) 

^ 0-044 or 4-4 per cent. 

Assiuning this transformation factor for a fliiotusccnt screen, two 
simple photometric measurements are loquircd to express the energy of 
any bulb in absolute measure. The light from a fluorescent screen is 
first compared with the standard Hefner lamp. The absoiptiun of the 
rays in the screen is determined by placing a piece of the bcreen in the 
path of the lays. 

Let p ^ ratio of intensities of light from bulb and lamp, 

pi •= ratio of transmittod to incident radiation on the screen. 

Then it is shown that the intensity in alisoluto measure 


s= gramme-calorie per second. 

The absorption in the cardboard of the screen is supposed to be 
negligible, but if necessary can be readily allowed for. 


Absorption of X Bays m Oifies. 

A null method was employed, os the absorption of the ra^s in air at 
atmospheric pressure was small llie rays passed through two long 
brass tubes with alumiiuum ends, and the current produced by the 
rays, after passing through one tube, was balanced against the current 
due to the other. On exhausting one tube the electrometer balance 
was disturbed. From measurements of the deflection per second from 
the balance and the deflection per second due to the rays after passing 
f^ugh one tube, the absorption can be calculated. Tlie mean value 
of the coefficient of absorption of the rays in air at atmospheric 
pressure was found to be 

0-000379, 

or the rays would pass through 24*7 metres before absorption reduced 
the intensity of the radiation to one>half. 

The absorption was found to bo proportional to the prossiuo from a 
half atmosphere to three atmospheres. 

The ooeflioient of absorption in carbonic acid gas was found to be 
1*09 times the absorption in air. 
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Energy required to produre an Ion. 

The current produced when a given volume of the gas was iom'sed 
by X rays was determined by means of an electrometer. In order to 
get rid of the secondary radiations set up when X rays stnke on a con¬ 
ductor, the rays passed between two charged parallel plates without 
striking them. A giianl-ritig method was employed to ensure 
uniformity of the elei-tiic field. 

The value of the ionic energy was deduced from the determination 
of the current, heating effect, and alisorption of the rays. 'ITio mean 
value of the energy required to produce an ion in air at atmospheric 
pressure and temperature was found to lie 
1 90 X10 erg. 

This value is much gt eater than the energy require<l to produce 
hydrogen and oxygen ions in the decomposition of water. 

The ionic energy of air was found to lie approximately the same 
from pressures of one-half to three atmospheres. 

, The method of determining the ionic energy for other gases is 
described, and the evidence that the ionic energy ” is the same for all 
gases is discussed. 

JHslance between the Clumjea of the Imia m a Molecule, 

On the assumption that the energy absorbed in producing an ion is 
due to the work done in separatiug the ions agamst the forces of their 
electrical attraction, it cun be shown that the moan distance between 
the charges of the ions in the molecule is 
I'l X 10~" cm. 

This is only of the probable diameter of the atom. This result is 
in accordance with the view recently advanced by J. J. Thomson, that 
ionisation is produced by the removal of a negative ion from the mole- 
cnle, and that the negative ion is only a small fraction of the mass of 
an atom. 


Minmum I’otentwi reqared to yroduea a Spatk. 

If the production of ions is necessary before a spark can pass, it can 
readily be deduced from the value of ionic energy that a spark cannot 
pass for a potential difference less than 17D volts. Experiments have 
dtown that the minimum value is over 800 volts. The theoretioal 
valne is d the some order, but from the complexity of the phencanena 
h very close agreement could not be expected. 
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Emin'.imi of Energy from liadto-aclivf Substaore^ 

The velocity of the ions prodticod by Rontgun tind nranium radii^ 
tion in air has boon shown to )te the same. The ions are thus probably 
the same, and it is a reasonable assumption that the same energy is 
required in both cases to produce them. On this assumption the 
energy radiateil by the radio-active sulistancea oan be dotonmneiL 

The radio-active material was spread over a known area and the 
maximum ciu'iont produced betw'ocn the p.itallol plates detomuned. 
The number of ions produced, and consequently the energy to pro¬ 
duce them, can be calculated. 

For a thick layer of uranium oxide (3 6 grammes spread u\or a sur¬ 
face of 3K cm.) the energy radiated into the g.is for 1 sq. cm. of the 
surface is 

10 “’* calorie per soconcl 

This amount of energy woidd suffice to raise 1 c.c. of water 1° C. in 
3000 years, assuming no loss of heat by ladiation. Fiom observa¬ 
tions on the ciurent duo to a very thin layer of luanium oxide it is 
shown that the energy raduited into the gas is not loss than 0*032 
calorie per year for every giamme of the sulntaiico. 

The energy radiated from thoiium and radium is also considered, 
and the presence of the rays from ladium deflected by a magnet is 
taken into account. 

In the case of radium, which is 100,000 times more lodio-octivo than 
nranium, the emission of energy pei gramme of the substance is not 
less than 3000 calories per year. 


“On E.xpresBed Yeast-coll Plasma (Buchner’s ‘Zymase’)." By 
Allan Macfadykn, M.D., G. Habbib Mobkib, PIlD., and 
Sydney Howland, M.A. Uomniunicated by Sir Hbnhy E. 
Hoscok, F.RS. Keceived .Tune 19—Head June 21,1900. 

(First communication.) 

Introduction .—In 1897 a communication was published by Professor 
E. Buchner* in which he described a method by means of which he 
dumed to have isolated for the first time the active alcoholic ferment 
from the yeast-cell and to have demonstrated its action upon fer¬ 
mentable sugars. Since then Buchner, mainly in conjunction with 
Ba]^ has from time to time given an account of his further investiga¬ 
tions in this direction, and these investigations are still in pn^ess. 

• ‘ Benohte d. deotsoh. Ohsai. Oes.,' 1607, p. 117. Tide also snoeeadtag papsn, 
1807-1000, ibid. 



On Hxprested Yenut-eeU Plaatna “ Zyinaaf ”). 261 

Them further invostigAtionR, Buchner considers, ure cunfirmAtory of 
the conclusion drewn by him from his (unginnl exporimonts, vix., that 
the activity of the yoaat-rell m an alcoholic ferment depends upon the 
action of a soluble enrymo of an albutniuoirl character elaborated by 
the living cell To this soluble fermont Buchner applies the 
name “ Zyniabo.” 

The sulijoct presented so many ph.utes not only of special but also 
of general biological inteicst that we woie led to pursue its investiga¬ 
tion. We considered this the mure necessary since Buchner’s oxpen- 
monts weie tamed out cutiroly with liottoni-lormentation yeasts, and 
it apiKiiiied of interest to astciUmi whether top fonneubitinu yeasts 
(as used in English brewing) give p.irallcl icsults. At the outset W'o 
cai efully adhered to Buchner’s niothotl of cxpiossing the coll plasma; 
but owing to the tediousncss of the process wo were loil, alter many 
attempts, to adopt the following aiiaiigemcnt for the exti.ictioii of the 
coll plasma or juice. 

MiUiimI 0 / FrrpanUioit of iht Citl -The yeast as received 

from the brewery is a thick, i^wty, fiothy mass, consisting of yeast- 
cells intermixed with more or less fermented woit. For the purpose 
in' view it is necessary to sopomto the yoast-ctlls horn all adherent 
matter w hich woidd bj’ its presence influence the composition of the 
expressed juices. The punficatiou of the yeast is thus a necossaiy 
preliminary operation, and is lucoroplishcd as follows •- 

To the pasty mass of crude yeast is luldod ,vn oqued pait of water 
and the mixture stirred togothei. This suspension of yeast-eolls is 
then contri{ug.di8erl, whoi oby the euntained lollb ure soi»irated us a 
thick creamy mass at the Iiottom of the containing vessel The super¬ 
natant liquor is decanted and the mass of cells ag<iiii stiriud into a 
suspension in a fresh quantity of water. 'The mixture is again centri- 
fugalised, and the process repeated until the last added watoi comes 
away clear and colourless. 'The final product of this process is a firm 
mass of yeast-cells closely packed together, with a minimal quantity of 
adherent water. It is necessary to remove oven this quantity of 
water if a natiual jmee is to be obtained. The pisty mass of yeast is 
wrapped in a double thickness of “hydraidic chain cloth” and intro¬ 
duced into one of a series of shallow iron trays, so constructed that the 
pile can be strongly compressed in a hydraulic press and the expressed 
liquor run off. In this process, which is a modified form of filter- 
pressing, the last adherent pottioiis of water are removed from the 
yesst-oell, and the mass of yeast as removed from the cloths appears as 
a perfectly dry white powder, consisting of yeast-cells with approxi¬ 
mately diy exteriors. The pressure necessary to produce this result is 
from 70—100 atmospheres. 

The disintegration of the yeast-cell is the next process. This is 
a ccom pl is h ed by a meebanioal oontrivanoe which maintains the yeast. 
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together with a proportion of added silver sand, in a condition of 
violent agitation, in such a manner that in the rapidly succeeding 
mutiial impacts of yoaat-cell and sand-particle the cell wall is ruptured 
and the contents expelled ♦ 

If the dry mass of yeast and 8.ind be watched while disintegrating 
it will be seen to become rapidly pasty, and through successive stages 
of viscidity it finally roaches a perfectly fluid condition. A micro¬ 
scopical examination at the end of the process fails to discover any 
whole colls. During the continuance of this process, and in fact 
during the whole time that elapses liotwoen the lupture of the first 
cell wall and the examination of the final product, the matenal is kept 
cool by me<uiB of a brine circulation. The brine is maintained at a 
temperatimi of - 5° C. by means of expanding anhydrous ammonia. 
This suffices to keep the disintegrating muss at alioiit 15° C. If this 
precaution is not adopted the temperature will rise to nearly boiling 
point, owing to the mechanical production of heat by the impicts and 
friction of the disintegiuting nuiss. 

It now remains to separate the escaped intracellular juices from the 
suspended coll walls. This is accomplished by a repetition of the 
same process by which the adherent water was removed from the 
original yeast. To reduce the mass to a consistency capable of being 
dealt with by the press, kieselguhr is added (Buchner uses this su^ 
stance together with sand fur grinding). The addition of this substance 
also serv es as a filtering material, and allows the expression from the 
doughy mass—as fiom a sponge—of a perfectly clear opalescent pro¬ 
duct in which no suspended particles can bo discovered. A pressure 
of from :i00—300 atmospheres is requisite to express the contained 
fluid. Such are the main outlines of the method which has been 
adopted in the preparation of the juice on which the observations that 
follow were made. 

It may be useful to give figures representing the method as it 
operates m practice on an averagely successful preparation. 

From 100 grammes of dried and pressed yeast will be obtained 
from 30—36 c.c. of expressed juice. The weight of sand employed 
for grinding will be 100 grammes, and the weight of kiei^guhr 
necessary to reduce the ground mass to a suitable consistency for 
pressing will be about 80 grammos. The specific gravity is usually 
from 1050—1060, and the time necessary to completely disintegrate 
the above quantity of dried yeast is usually 3^ hours. 

The physical properties of the juice correspond closely with those 
deacrib^ as characteristic by Buchner. The contained proteolytic 

* The pMoiie deteili ot this proofM, which lus hew ineoewfiilljr ewidoyed fw 
the dWntegntioa of miero^egHklHui, iatemal OifgSBs, glands and autela i b»ta> 
wUlfem tha suhjeet ot a tqporate paper. 
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eozyme was of a \ety active character, and produced a rapid digestion 
of the proteid constituents of the juice. 

It occasionally happens that great roluctaiice w displayed by the 
juice in leaving the kioselguhr sponge when under pressure. This 
has most frequently happened with very new yeasts -that is, yeast 
skimmed from the fermentation viits and used (brcLtly for the pre¬ 
paration of tho juice. There is some evidence to learl us to suppose 
that this (liitieultj is correlated with a similar dilRculty which is met 
with when attempting to prup>iro as near the living condition as 
possible an intracellular juice of an organ or tissue. For instance, a 
liver removed from a dug at the moment of death and at once disin¬ 
tegrated will yield no juice on prcbsing, even if tho pressure be raised 
to a thousand atmospheres or more, where.i8 a liver not so fresh will 
yield its juice without difficulty. That kiesolguhr h.is the power of 
arresting the passage of ccitain alhumiiiuus bodies can easily be 
demonstrated. Thus wo have foiuwl that egg globulins are almost 
entirely retained in a kiuselguhr sponge, and oven,albumin and serum 
proteids are retained to a eortiuii extent. It therefore is suggested 
that the juice that was used in tho following woik was in every case 
far removed in nature from tho combtion in whuh it existed when 
alive within tho yeabt-coll j but on tho other hand it is much nearer 
the living condition than that obtained by liuchnor, owing to the fact 
that he employed water to extract his juice, and water as will be 
shown has a decided action on tho juices we obtamed. 

We are thei efore placed in tho difficult position that those condi¬ 
tions in which the juice is nearest its living condition are just those 
when it cannot be obtained by the convenient method of pressing. 
Under such circumstances resort must he had to centnfugalising; but 
the process is tedious in the extreme, and by the time it is completed 
in all probability the juice has altered in composition. We hope soon 
to be in a position to overcome this diifioulty. 

Properttet' of tlu; Cell Plasma .—^Iii the course of our experiments we 
employed yeast from five different breweries, wbch we will designate 
as A, B, C, D, and £. The first three (A, B, and C) were breweries in 
the London district, D was in the south of England, and E was one of 
the very few bottom-fermentation breweries in this country. The 
greater number of our experiments were made with yeasts from A 
and B, the yeasts from C, D, and £ lioing only used in one or two 
instances. 

From the outset we found that in practically all cases the juice 
obtained from the yeasts freely evolved gas, both when standing done 
and with the addition of sugar. Our results in the latter respect were 
fpUy eq[aal to, and in some instances surpassed, those of Buohner. 

We were, however, early confronted with the fact that the aufo-or 

<ii the jttice gave rise to a considerable volume of gas, a 
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volrane which in nmny cases oxcoedeil that given by the same amount 
of juice to which sugar had lieon mldud. This auto-fermentation 
apparently escaped the olraervation of Buchner, who only incidentally 
rafers to it in one of Ins p<ipers, and who dues not appear to have 
made any corrcition for the gas evolved fiom the juice itself in any 
of his experimental icsults The extent to which this fermentation 
occurs may be seen from the subsequent tables (T.ibles I and II), in 
one expennicnt, for iiistaufo, 100 c.e. of the fresh jime gave no less 
than 2‘9S gr.ainmos or 1500 c.c. of oailiuu dioxide. This spontaneous 
evolution of gas takes place oven when the juice is kept at a tempera¬ 
ture suiiiciontly low to maintain it in a bolid condition. In all prol>- 
ability the gas nhich Buchner mentions as being evolved on heating 
“ Zymase " is due to this cause. 

In our earlier oxponmeiits wo determined the c.irboii dioxide evolved 
from the juice alone, or fiom its admixture with sugar, by measuring 
the volume of saturated salt solution which was displaceil 1^ the gas , 
but later we iwlopteil a mo«lific.itiou of Hart’s double titration method, 
in which the carlwn dioxide was absorbed by sodium hydroxide 
solution, and the amoruit dotermiiiod by double titration. 

Tu the expoiimcute on the lolatioiulup of the carbon dioxide and 
alcohol formed, wo absorbed the carbon dioxide evolved in 3.3 per 
cent, potassium hydroxide solution contuineil in Alohr's potash bulbs 
The alcohol formed in those experiments was estimated by distillation 
and determination of the specific gravity of the distillate, the weight 
of absolute aUohol corresponding to the gr.ivity of the distillate being 
then found hy reference to spirit tables. 

Control experiments wore made in all cases—that is to say, u hen we 
were detemuning the amoimt of carlion dioxide or of alcohol, formed 
by any juice from sugar, a corresponding quantity of the juice was 
placed under identical conditions, but without the .idilition of any 
sugar, and the amount of gas evolveil or of alcohol formed was care- 
fidly determined by the same methods as those usml in the experiments 
in the presence of sugar. We employed antiseptics to inhibit the 
possible action of yeast-cells or other micro-organisms, the nature of 
the antiseptics used depending on the object of the expenmont The 
antiseptics principally employed were sodium arsonite, toluol, and 
thymol, all at the rate of 1 per cent. 

In our earlier experiments wo employed 40 per cent, of caneangar, 
this being the concentration which Buchner first considered the most 
favourable; but we subsequently reduced this to 10 per cent., as we 
found fihat greater action was obtained with the lesser concentration. 
In fact, yie larger amount of sugar appeared to oxeroise a retarding 
influence un the activity of the juice. 

Nature Jietults obtamed .—In Table I we give the results of some ot 

our ezpeiiil^ts, in which the gas evolved was measured by the die- 



On Expressed Yeast-cell Plasma {JBurhner’s " Zymase ”). 265 

placement of salt solution The Tohuno of gas evolved is expressed 
in this and the following tables on 100 c.c. of jmcc, although the 
quantity actually used was, us a rule, either 25 to 40 c.c. 

It will Ite iiotiu‘(l that in nearly every instance more gas was 
obtained from the aiito-formentatioii of the juice than from the 
fermentation in the jircscnce of cane-sugar. This was usually the 
case with the jniie from tho yeasts of A, C, and D breweries; how 
far it is duo to thu distinctive cliaiacter of the yo<ists or to tho high 
sugar concontr.ition w e are at pioseiit not prepareil to say. Another 
point to be noted is tho great vaiiation in tho activity of the juice 
from dilforent samples of yoast. Wo noticed this throughout tho 
whole of our experiments, but avo are unable to correlato it with any 
of tho physical jirojieitios of tho jiuce, such as gravity, *c. It will 
also bo seen that by far the greater part of tho action is at an end 
after twenty-four hourx, thcie lioing either no further increase in tho 
amount of gas evolved, or comparatively little This we also found 
common to tho majonty of our oxponmonts, as will lio seen from 
subsequent tables. 


Table I.—Volume of Caibuii Dioxwlo evolved by Cell Juice from 
different YiMsts, with and without the addition of Cane-sugar. 



* Tetaol usd m sntUeptie. t Sodium snealu used si 

X In this expeiimsnt 10 per eent. esoe-engtr wm employed. 




Table II —^Influence of Age (rf \east on Activity of Jmce 
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Ivfiuenet of Age of Yenst on Arhmtg of Juke .—In Table II 
wo give some of our results on the inlluenoe of the age of the 
yeast, i.e., the time which elapsed lietwuon the time of collection of 
the yeast in the brea’ery, and that of pressing and grinding, on the 
activity of the coll plasma olitained. Tho same table shows to some 
extent the influence of sugar concentration on tho amount of gdh 
evolved. 

It will be seen that tho residts are very \ariablo, but that the 
general tendency is for tho activity of tho juice to increase to a 
certain point with the age of the yeast, the maximum bemg reached 
aliout the 3rd or 4th day from collection. After the maximum is 
reached there is a very rajjid declino in the at tivity of the juice. Tho 
variation in tho amount of auto-fermoiitation is nut so great, but the 
tendency of this is to follow tho same direction The results are 
shown diagrammatically in figs. I and 2, tho former showing the auto¬ 
fermentation and the latter the fermentation in piesence of sugar, 
both when the gas evolved from the anto-fei mentation is included and 
when it is deducted from tho total amount. 


Fio 1.—Showing the influence of ago of yra«t on auto-fermentalion after 
as honre 



This increase up to a certain point of the activity of the juice with 
the age of the yeast is the reverse of that which takes place with bottom- 
fermentation yeasts, as describeil by Buchner and other Continental 
obeerven. 

I^/twrue of Storage on AeHvitg of Jairc.—When the expressed juice is 
kept even at or below freesing point, its power bothiof auto-fermentac 
thm and of decomposing sugar rapidly diminishes. 

InfUunee of Amonni of Sugar present ,—We carried out a series of 
>TOL> IXVll. V 
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expenments to detemune the must favourable concentration of sugar , 
the leaults show that the smaller amounts—6 to 10 per cent—give 
the most favoiuablo results, vhilst the I irgor quantities sensibly retard 
the utiun, ! i , less gus is obtained from the ]uko plus sugar than from 
the puce done Ihis piobably expluus to some extent the lesults we 


Fio 2 —Slioniiig the influpnio of *(,0 f roi't on the at tmty of (xpreieed |uue 
nftir 48 hoiiM 



obtained in our earlier expenments m which 40 per cent of sugar was 
employed Some of the results are shown diagrammatically m fig 3 
Ivflvtnee of diffaeni SuQon —In order to detemune if the nature of 
the sugar employed had any influence on the amount of gas evtdred, we 
earned out a senes of expenments with oimeaugar, dextrose, maltose, 
and levnlose at different oonceutrations, using the same sample of juice 
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for each set of experimenta. The roBulte, ne a whole, show that more 
carbon dioxide it given off from cane-sugar than from either of the 
other sugars. 


Fio- 3 —shun mg the influenie of iliffrioiit nmcirntrations of siignr on 
«vol»pd 



Influentt of Tt-miieiuliitf -—^Wo miwio several expenments to ascortain 
the most favourable temperature for the action of the ]uico As an 
example of the results obtainwl, we may quote the following •— 

The juice was mixed with 10 per cent, of cane-sugar in the usual 
way, and there were obtained— 

At 0° C. ... 0-41 gramme of carlKiu dioxide in 48 hours. 

„ 10 . 0 83 „ ,. 

„ 26 . 1 06 „ „ „ 

>. 37 . 117 

The higher temperatures therefore appear to increase the activity of 
the juice. * 

/tt/fucare of FtltirUum .—In order to'’ascertain what influence, if any, 
filtration tli^ugh Chamberland an.l Berkefeld filters had on the 
•otivity of the juice, wo carried out a series of experiments with 
different juices, carefully testing their gas-producing activity before 
and after filtration. Thymol was used as an antiseptic in each case 
The reeolts are given in Table III, and it will be seen that filtration 
daoreases to a oonsiderahle extent, but without entirely deeteroying, 
both the auto-fermentation and the action of the juice on sugar. This 
deoreaee in gaa^volving power is aooompsnied by a very oonsiderabie 
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fall in gravity of the juice. Those experiments sgree with those of 
Buchner on the same point. 


Table III.—Influence of Filtration on the Activity of the Juice. 
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• In this sxprnmont Uio flltnitton was ttirough a ChoniberUnd filter i in the 
remairang experiments a Berkefeld filter was used 
t After 7fi hours m tins case i all the others after 48 hours 


hflumcf of Dtlnlwn —In considering the nature of tho action of the 
juice and of the agent to which the evolution of gas was liue, it 
appeared important to ascertain the effect of dilution on tho action of 
the juice All experiments were conducted by aililing tho weighed 
quantity of sugar to tho juice itself, so that no watei at all was intro- 
diiceil. If tho action were a purely enzymic one, dilution to a limited 
extent should not appreciably affect tho residt; whereas if the action 
wore due to other causes, it might bo influenced to a greater or lees 
extent. We accordingly carried out a senes of determinations on 
dilution with water alone, with physiological salt solution (0-7B per 
oen^ sodium chloride), and with water in the presence of cane sugar. 
The experiments with sugar were made in two ways: in the one, the 
sugar WHS added to tho juice in tho usual way (10 per cent.), and 
water was then willed to bring about tho desired dilution, the 
ratio of the sugar to juice being therefore kept constant; in the 
other, the dilution was made with a 10 per cent, solution of sugar, so 
that the ratio of sugar to tho total volume was maintained throughout. 
The results obtained are sot out in Table lY. An examination of the 
results will at once show that the auto-fermentation of the juice ifi 
greatly influenced by dilution both with water and with salt solution. 
The addition of an equal volume of water sensibly retards the aetton. 



Table IV —Influence of Dilution on Activity of Juice 
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(d) With water in prewnte of 10 per cent 
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and, in some cases, diltUum inth n donblr min me pmrtmdly stopf the 
miiitum of ga^. "With salt solution, the action is still more marked. 

In the prosenco of sugar the retarding .vrtion is still distinctly 
appaienl, esiicpially v hen the cutiLCiitiation of the sugar decreases 
with dilution. In this ease the effect of dilution is tnlly as marked as 
in the case of iv.itui alono or of salt solution When thu sticngth of 
the sugar solution is maintained constant, the rcUnhitioii is still con- 
siderable, but not so great as in the other cases 

This p.u‘alysing effect of dilution on the activity of the ]mco is so 
contrary to the behaviour of enzymes in genet al under similar condi¬ 
tions, that in our opinion it foims a grave objection to the acceptance 
of Buchner’s enzyme theory .Since the aliovo oxponments wei-o 
made, wo find that Wioblewski* has condiitled dilution experiments 
with like results. 

In connection with the question of the influeiKe of dilution on 
enzyme action, it may be nieiitioncd that when a sample of six-day 
juice was diluted to 1 in 1000 with cane sugar solution, 50 5 per cent, 
of the cane-sugar was found to lie inverted, whilst with another juice, 
throe days old, a dilution of 1 m 100 showed an inversion of 79 5 per 
cent, of the cane-sugar piosont Thisofleis .a great contrast to the 
effect of tliliitioii of the juice on the production of carlmn dioxide. 

Bniio Vnihtni JHouile to ^llttilwL —In connection with the question 
whether we had to do with a time alcoholic fermentation, it Iiecame 
impoitant to dotei'mino if carbon dioxide and alcohol w'cic produced 
in the proportions ortlinurilj foiuid, and if the amount of sugar which 
disappeared dunng the experiment bore any ielation to the alcohol 
and carbon dioxide. We cameil out a large number of uxjieriments 
with a view to elucidate these points, and the results of some of the 
expenments are shown in Table V In experiments 1 to 6, the 
alcohol and carbonic acid estimations were made on the same fermenta¬ 
tion, but m experiments 6 to 15 we carried out dupbeate fermenta¬ 
tions, under identical conditions with the same jmeo, for the two 
determinatioiu. Wo did this in onler to ensure greater accuracy in 
the alcohol estimation, since the osoajiing gas could lie washed by 
passage through a bttlo water, which was sulwequently added to the 
distillation flask. When wo were estimating both products from the 
same experiment this was not possible. 

It will be noticed from the table that the juice as it comes from the 
press always contains a considerable amount of alcohol, and we found 
on examination that this agrees fairly closely with the amount of 
alcohol contained in the yeast, oven after the thorough washing and 
preasing to which it bad been subjected in the preliminary treatment. 

When oorreetions are made for the amounts of alcohol and of carbon 
dioxide formed during the auto-fermentation of the juice, the ratio 
• ‘Osntrribl. f. Physiol.,’ 1899, p. 8M. 



Table V —Showing Belaticm of Alcohol md Carbon Dioxide formed m Fermentations in the Cell jmce 
The results are stressed on 100 c c of Cell jnice 
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between the residual alcohol and the carbon dioxide is very variable, 
and only in cases in which a very active juice is employe«l does the ratio 
approximate to that found by Pasteur.* With a weak juice there appears 
to bo little or no connection between the two, the aniuunt of alcohol 
formed being, as a rule, greater than the carbon dioxide. The small 
quantities of alcohol to l>e determined may tie thoiiglit to be account- 
a lie for the discrepancy lietweon the two pnxliicts, but the following 
exit' iple of a dutermination carried out in duplicate shows that our 
mothcds were capable of considerable accuracy. 

r. ir. 

(Irammo dramme 

Carbon dioxide evolvetl . 0-327 0-337 

Alcohol foi-mcd . 0-95 0-95 

Sugar fermented . 1-167 1-158 

One very i emarkablc f.ict comes out in all the above experiments, 
namely, that the amount of sugar which disappears is greatly la errm 
of that actually fermented, as dwlnced either from the alcohol or from 
the cut bon dioxide formed. The closer the relationship, however, 
between the two products, the less is the excess of sugar whii h dis¬ 
appears. 

It occuri od to us that there might lie some constituent of the juice 
which interfeicd with the roirect determination of the sugar, but we 
put this to the test and fotuid that when wo added sugar to the juice, 
and then killed its action by heat lieforo any fermentation could take 
place, the whole of the sugar could lie accounted for by I’avy’s method 
of determination. 

We also submitted the residual prwlmt after fermentation had 
taken place to hydrolysis with very dilate acid with a view to break 
up any hydrolysible compound which might have boon foimcd between 
the constituents of the juico ami the excess sugar which bod disap¬ 
peared, but without any result - the reducing power before and after 
treatment remained the same. The sugar had therefore apparently 
disappeared as such, and had nut simply been rendered unrecognisable 
to ordinary tests. 

We are at present only able to chronicle this most interesting fact, 
as at the present stage of our work it would be premature to make 
any theoretical deductions; but in connection with this remarkable 
disappearance, we venture to throw out the following suggestion;— 
During the life of the yeast, sugar is consumed by the organism with 
the resulting production of carbon dioxide and alcohol. Considered 
in detail, this jaxicess probably occurs in two stages— (1) a building up 
Mid incorporation of the sugar molecules into the actively living proto- 

* Cane-ragsr fields Si'll pm o«nt. of alcohol and 40*48 p«r esat. CO|. 
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pluam (anttbolism ); and (2) a breaking down of this complex material 
into simpler products, of which carbon dioxide and alcohol are the 
constant and principal constituents (kaUbolisni). May it not be that 
after the expression of the cell-juice from the cell the same senes of 
actions continues to take place, at lu<i^t fur so long a time os the 
rapidly changing and uiihUble cell-jnice remains in a condition ap¬ 
proximately identical \iith that in which it existed in the living cell t 
If this hypothesis lie admitted, then the varying activities of the juice 
are at least partly oxplic.ibi(>, for if wo designate by x the hypothetical 
protoplasmic constituent of the tell with whic h the sugar combines, 
then we may imagine the processes which take place in the expressed 
cell-juice (in which we ofAumo \ to ooiitinnc to exist) to lie somewhat 
as follows;— 

(«) In the case of auto-fermeiitation the \ sugar combination, built 
up (luring the life of the cell, continues to docompeso, after the ex¬ 
pression of the juice, yielding cotImmi dioxide and alcohol. 

(h) In the case of the diaippa'iring sugar, the formation of the 
X-sugar combination continues to a (Crtain point, depending on the 
activity of the juice, but the decomposition of this combination comes 
to an end licfore the whole of the sugar h.i8 licen liberated in the form 
of carlmn dioxide and alcohol In the c.iso of u very active juice we 
may imagine this process to continuu until jiroctically the whole of the 
combination has l^eii decomposed. In the case of a weak juice, the 
building-up process takes place moio rapidly than the breaking-down 
process, and, consc<iuoutly, when the activity of x ceases, there lemaiiis 
an excess of sugar in the form of the x-sugar combination. 

We are continuing our investigations noth the ycast-ccll plasma, and 
shall hope to communicate our further icsults to the Society m duo 
course. In the meantime it may be toux'enieiit to briefly summarise 
the results wo have already obtained, which so far appear to bo loading 
us in the direction not of an onsymo explanation of the process, but 
rather of a theory which refers the phenomenon to the vital activity 
of the yeast-cell protoplasm. 

(1.) The top-yeast of English breweries yields, by suitable treat¬ 
ment, a cell-juice which poesesses the transient power of 
decomposing sugar into alcohol and carbonic acid. 

(2.) The amount of gas formed by an activo juice is as great as, or 
oven greater than, that found by £. Buchner. 

(3.) The cell-juice as prepared by us undergoes a very considerable 
auto-fermentation, in some instances exceeding that given 
by a mixture of the same juice and oone-sngu'. 

(4.) A moderate dilution (1: 2) with water or physiologioal salt 
solution practically stops all fermentathre activity, 

<0.) Only with a very active cell-juice does the ratio between the 
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alcohol and carbon dioxide formed approximate to that found 
in ordinary alcoholic fermentation. 

(6.) Wlien the coll-jiiico is allowed to act on sugar—either cane- 
sugar or dextrose the quantity of sugar which disappears 
is considerably in excess of that which can bo accounteil for 
by the production of carbon dioxide and alcohol. 


“On the Themiodynaiiiical l*rojieitie& of Gases and Vn])nuiH as 
deduced from a Mmlifiod Form of the Joule-Tliomsiiii Equa¬ 
tion, with Special Itefeiciice to the Proiieilies of Sto,uii.” By 
}I. L rALLENDAii, MA., LLl), F.ThH, Qiiaiu Profassor of 
Exiicrimeiital Physics, University (Jollcge, Ijondon. lleccivod 
and Head June 21, 1900. 

At the present time, the relations lietweeii the specific heats and 
other thermodynamical properties of gases and vapours, and the devia¬ 
tions from the Itohaviour of the ideal gasuuus sultstaiice ni ibothcrmul 
and adialiatic expulsion, remain extremely obscure. The vanation 
of the latent heat of a vapour, and of its saturation prossure, are 
genendly expicssed by purely empirical foimuliP, without theoretical 
foundation. Various equations, such as those of Van dec Waals, and 
Clausius, have lioeti proposed and have lieeii voiy geiiorally adopted to 
represent some of the simplest of these relations, hut ow ing to their 
complexity, and to the iiumlier of empiiical constaiita involved, thoir 
utility IS seriously limited, and the results to w'hich they lewl are in 
some cases undoubtedly erroueous. 

The object of the present paper, which is founded mainly on experi¬ 
ments on steam, is to develop the application of a modified form of the 
Joule-Thonison equation, which is sufliciently simple to lie of great 
value in the discussion of the thermodynamical relations of gases and 
vapours, and which loails ihroctly to accurate formula) for many pro¬ 
perties which hav e hitheiixi been represented empirically 

To take the case of steam os an example, all tables of the properties 
of steam are at prosoiit founded on liegiiault’s formula fui the total 
heat H of saturnted steam at (C. reckoned from 0° C., namely; 

H - 606-60-300/ . (1), 

and on hu empiiical formula for the pressure of saturated steam, 
namely -. 

1 logp «- o + 6B‘+fC‘ .4 .. . . (2). 

The latte^l formula eontains fire empirical constants, but it is usqal 
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to employ two difTeront formulae to cover the range 0 —220’ C. of hia 
experiments. 

The specific volume of saturated steam, owing to the effects of 
surface condensation,* cannot lie detormineil by direct evpenment, 
and IS generally deduced from the uImivo onipincul foi-muUe, liy the 
application of the well-knuMn theimodynaniical rolatiuii, 

L/(/) /.) - MjinlO . . (3), 

where L is the latent heat, r the H|)ccifu mliiiuc of the s,tturated 
vapour, and b tli.it of the liipud, 0 the alisolutc teiiipei.ituie, .lud djijiW 
the rate of increase of the sntur.ition pieisaic ivith ten)]ieiatuie. 

Itegiiault also iletenniued the spccihc ho.it of supci heated steam .-it 
atmospheiic probsuic by condensing highly Mipciho.ited steam in a 
calorimeter; but owing fn the bm.ill pio|M>ition whnh the superheat 
of the steam liears to the latent heat, .iial to the difficulty of calori¬ 
metric work at high lompor.ituies, the me.isuiemeiit8 wore not very 
certain, and many recent expenmeiihilists ,ind wiituis (r.y,, Ewing, 
PeiTy, Grindley) ha>e piefciio<l to adopt widely dificrent values 
deduced by other methods fmm the foinmla foi the total heat. It 
was proved by Hankinot th.it the rate of ch.ingu of the toUil heat of 
steam at low tempenituros, at which it veiy neatly follows the laws of 
an ideal gas on account of its low prossiue and huge spocifie volume, 
must be very nearly equal to the spodlic hc.it of the v<ipour nt con¬ 
stant pressure. Therefore either the specific heat of steam at low 
temperatures must lie O'SC.*), imreasnig consiiluialily with the tempera- 
tmo so us to reach the value 0‘t8 between 100 and 200 C, or else the 
observations of Kegnault must lie wrong In any c.ise it is clear that 
the variation of the total heat should not lie liue.ir, unless W'c aliandoii 
the experimental evidence in favour of the (onstaucy of the specific 
heat of an ideal gas. It is most likely that the souitu of the discre¬ 
pancy IS to be found in the difficult calonmetnc measurements of the 
rate of change of the total heat at low tonipcratures The detormina- 
tions of the latent heat by Qiiffiths, 572 6 calories at 40‘2° C., and by 
Dietorici, 696-7 caloiies at 0' C'.,t aro fiom 6 to 10 calories smaller 
than Begnault’s, ami imply a rate of change of total heat almut 
80 per cent, larger, and more nearly equal tn the theoretical value. 
At temperatures aliove 100’ C., the determinations of Kegnault are 
more consistent, Imt it is very likely, fiom the method which ho 
employed, that they may bo considerably in error. His observations 
show a sodden increase of six calories aliove 176° C., which is exj^ined 
by the discovery and reotificution of a leakage of steam through the 

* BsaiMy and Young, ‘Phil. TrsniA, ISM. 
t ‘ Boy. Sod. Bdin. P*oo.,’ 1860. 
i arifSthi, ‘ Boy. Soo. Froe.,' Decembor, ISM. 
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distrilmting tap into the idle calorimetor. It is clear that he regards 
the olwervatioiis aimve this point with greater confidence. In any case 
it is unlikely that the order of accuracy attained in his experiments 
was greater than one-half of 1 per cent at any point, because his 
themiometeiB were not sulficicntly perfect, and liccause it is piactioally 
certain from the recent detormiiiatioiis of Keynolds and Moorby of 
the mean specific he<it of water Itetween 0" and 100° C., and from the 
woik of Callondar and Barnes on the vaiiation of the specific heat 
ovei the whole lange 0° to 100 C, that his value for the specific heat 
of water at 100 C. is .it least 1 per tent, too large. He was also 
iguonmt of the considerable changes which occur in the specific heat 
of watoi at low temperatiires, and it is evident that his work, though 
far in advance of his time, requires revision when considered in the 
light of the gieat advances which have lieen made in the last fifty years. 

It is oluious from the natinu of the problem that the most appropri¬ 
ate method of detenuining, either the vaiiation of the total heat of 
steam, or the specific heat of steam, is by the application of some 
ilij/iinthiif method, which shall be indepeiident of the tleternunation of 
the latent heat. In the piqiers which follow, I have desetibod the 
application of two such methods to the case of steam. By means of 
the “ Difi'ei ontial Tlnottlnig Calonmetor ” it is possible, following the 
method of Joule and Thomson, to detennino accurately the variation 
of the total ho.vt of steam, and the deviatioiu of the specific volume 
from the ide.il gaseous state, in tot ms of the specific heat at oonstaiit 
pressure. By the “Electrical Method of Measuring the Specific Heat,” 
which is exactly similar to the method ulteudy applied* in the case of 
water, it is possible to doteminio the specific heat without reference to 
the latent heat. The details of these expenments are reserved for 
sulisoquent communications, the object of the piesent paper is to 
explain the thermodynamical relations involved, and to ei^ibit the 
calculation of the variations of the specific volume, the speeifio heats, 
the total heat, the Intent heat, and the pressure of saturated steam in 
terms of the quantities which are directly observeil. The theory of 
the method is applicable, and hmi boon iJrcady applied, to some 
problems coiinoctod with gases, but in dealing writh vapours some 
additions are required, and it is clear that the original equation of 
Joule and Thomson requites some important modifications. 


Moiltficciion uf the Joidr-T/wmeon Kiyiation. 


In order to represent the obsorvatioiis of Kognault on the deviations 
COj froni Boyle’s law, Bankiiio in 1864 proposed the equation, 


* Ca]\ftdar 


pe - . (4). 

and Bsmss, ‘Brit Assee. Bspoxt,’ 1897 and 1899. 
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If we write (r - b) for v, on the left hand side, this equation is 
practically identical, for moderate pressures, with the modified form of 
the equation of Van der Waals which was devised by Clausius* to 
meet the objection that the temi ajp in the equation of Van der Waals 
did not satisfactorily represent the raiiation of the phenomena with 
temperature In adopting this equation of Itaiilane’s to represent 
their olweiiatioiis "On the Thoiiiial KH'ects of h'liiids in Motion,”! 
Joule and Thomson sulistitutod r R6l//» in the small term n/th, 
which thus became ii/niitiK For the purpose of their oliservations the 
modification appeareil to bo utdinpoi taut, ami they quote the equation 
as Kankui(>’H, but it really mlroduces a great simplification. If we 
wiito the equation in the form, 

V - KO i> II Htf-* . (5), 

we observe that the small term is a fiiiictioii of the temperature only, 
and is imlependent of the piessiire oi volume The isothermals on 
the j), 11 diagram are eipiilateial hyperbolas, identical in form with those 
of an ideal gas. Or, if we plot the product ;«• against /), us is usual in 
considering the deviations of a gas from IJoylo’s law, the isothennaia 
are straight lines inclined to the axis of /» at various angles, which 
dimimsh as the tomperutnre lises. It is pimed liy the experiments of 
Joule and Thomson, and more cleaily by the suheefinent observations 
of Amagat and others, that the equation, even in this simple form, 
represents a very' goo<l first approximation to the deviations of actual 
gases from Boyle’s law at moilerate piossurcs. The approximation 
bolds, for instance, in the case of CO.i, laioixling to the observations of 
Amagat, up to RO or 100 atniospheros at temperatiiies between 100’ 
and 200" C The application of the equation to the cose of vapours 
may, however, lie still further simpbfied, and rcndonxl at the same time 
more accurate, by two slight but important mollifications. 

(1) It is practically coitain that the equation of a perfect, or plu¬ 
perfect, gas at high temperatures is not pr -- K0, but p{v - b) m 
Btf, where b is the minimum volume or “co-volume" of Him and 
Van der Waals. The co-volume b is vaiiously regarded as being equal 
to four times or 4 times the absolute volume of the molecules. It 
is relatively small at moderate pressures (aliout one-thousandth of « 
at atmospheric pressure), and is often negligible, but may with great 
probability be taken as equal to the volume of the liquid at tempera¬ 
tures where the vapour piessure is small. 

(2) It is usual in the kinetic theory of gases, either tacitly or 
explicitly, to make the fundamental assumption that the average total 
kinetio energy of the molecules of a gas, including motions of vibration 
and rotatiem, is directly proportional to the kinetic energy of transla- 

• ‘ Phil. Msg.,’ June, 1880. 

t • FbU. Trsos.,’ 1868. 
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tion, which is oqnul to 3/>f>/2 per unit mass at any temperature. It 
follows fiom this assiunption that the bmiting value of the specific heat 
of a gas iti the ideal sUte (p ^ 0, /> => oo), cither at conaUuit pressure 
or at constant volume, must l>o (.oiistant, if the molenile is stalilo, since 
it is directly propoition.il to whiili tends to a constant limit when 
p - 0, oven 111 the caw: of vapoiiis at temperatures fai lielow their 
boiling {M lints, 'llirse coiisUnit limiting values of the two fimdamental 
specific heats vill lie denoted by the symliols S’ ami .s” respectively. 
As a further simplification wo may .issunio th.U the kinetic energy of a 
vapour 18 proportional toy* ("-f') at ullbtage.sund not only in the limit. 
On this assumption it is also noeobsary to ‘.upposo that the index of 0 
in the small tetm ujlW in the Joulo-Thnmson equation is not 2, but 
n ■= s’/K, the latio of the limiting value of the specific heal at constant 
volume to the limiting value of ju'IO. If wo .ulopt the hypothesis of 
Clerk Maxwell with rogaid to the distnhutiou of onoigy liotw'oen the 
various degrees of freedom of a molciulc, which, in the alisenco of 
leitain knowledge with rogaid to the exact nature of a molecule, 
appears to Ixs the only practical working hypothesis, the theoietical 
value of this hmiting ratio should lie 1-5 foi a monatomic gab like 
argon, 2 Ti for a diatorai* gas like oxygon or hydrogen, 3'6 for a tri- 
atomic gas like hte.ini ot COj, and so on, increasing by imity for each 
adchtional atom in the molecule. The value 3 5 for the index is closely 
venfiod in the cate of steam by the expenments to ho dobLiilKiil on the 
Joulo-Thomson eftbet, mid also by the expenmontb on the specific heat, 
by which this lelatioii was first suggested. 

Adopting these two modifications, of wliich the second is the moie 
important, the equation may be written in the form, 

r-b- W/p - »V-c . (6), 

in which V is taken as a convenient abbreviation for the ideal volume 
'R0/p, and the (o-vnluroe b is taken as constant and equal to the volume 
of the li(]uid. The small correction i, representing the state of co- 
aggregation of the molocides, is railed the “co-aggregation volume," 
and is a function of the tempoiaturo only, varying inversely as the nth 
power of the absolute temperature, where the index n is used as an 
abbreviation for i"/R It is a quantity of the same dimensions as a 
volume, and is measured in cubic centimetres. The numerical value of 
r in the case of steam at 100’ C. is 26*5 c c., as deduced from the 
experiments on the Joule-Thomson effect and the specific heat. The 
calculatetl value of r° at 0’ » 273 0’ is 79*0 c.c. It is obvious on the 
limpleBt considerations that the co-aggregation volume r cannot remain 
aoc^tely comitant at high pressures, since there is an obvious limit to 
the possible coraggregation of the molecules. If, for instance, the 
molecules are simply paired, the pairing must cease when v~b m e, 
Bat it is cortainyrom the diffisrontial experiments that the modified 
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equation repreeonts a ^cry accurate approxunation to the facts at 
moderate pressiu'es, although ii is not uoce8b.inIy equal to s‘j'& in all 
cases. 

Vmmlmn of thr Spsn/n HenK 

It would appear at fiwt sight as though the miMliliod oijiuition were 
more i-onipla than the onginal of Joule and Thoiiibon, but it leads 
08 a matter of fait to far simpler relations InstMeen the thermody¬ 
namical properties, and makes it pobsiblo to attack prolilems which 
would lie iiuito intractalilo with the iiioio cnmphcated foims of empiri¬ 
cal cqu.itiuns in vogue 

If S .ind s aie the spotdii heats at con8t.int pressure and at loiistant 
volume rcspertividy, arul </> is the ciitiopy, wo ha\o the well-known 
lolatioiis, 

(r?S/f/p)* = ... (7), 

(r/s/Jp), = = +e(<Upl,W-% (8). 

Assmuing the (hauwrteiistic equation (6), it is easy to pioio fiom these 
relations that the \ .dues of the specific heats .it any tempcratiuo and 
pressure at o given by the simple foimiila*, 

S •» S (1 +»(,y) - H" + h(h + l)iH/ti (9), 

s- s”(l+«'/V)(l-t/V).(10), 

where 8“ and s° are the constant limiting values of the specific heats 
when y) 0 The ratio of the specific hoots ij = H/s is given by the 
relation, 

j = S/s X. S7s*(l -c/V) - -77(1 W/V).(11), 

where •/ stands for the constant limiting value of the ratio, and ib equal 
to (n-hl)/a. 

Isentrapir Pelotions. 

The isentropic relations are greatly simplified by the assumption 
n = i 71 ^> co-aggregation volume r to 

the ideal volume V, or to the differonco of specific volumes of the 
vapour and liquid v - 6, is constant at constant entropy. From the 
characteristic equation (6), we have for the isothermal elasticity E« and 
the isentropic elasticity since E^£« = S/i » y =. g‘l(l -c/V), 


E» =» ~v(dplde)f - +pvfy . (12), 

E* - -v(dpldv)^ = +^E« - fpvl{v-b) . (13). 

The equation of the isentropics may therefore be written in the 
ianas^ 

» constant, or p"(e-6)"''’^ - constant, 

«f - constant, or (e-6)tf» - constant. (14). 






272 Prof. H. L. Callendar Ok tiif Thtrmodywmical 

The constant value of the ratio r/V along an isentropic is given by 
tiio relation, 

c«Ve*R,/v - Vj,+o,R, pf‘ . 

which may ho wnttoii in the foiin, 

./V^(r 7 V)(yV/i)(«/e>)-+'.(16), 

where e is the Imse of natuial logarithms, and the aymliols it", r, V°, 
0°, <f>°, refer to a stundaid stite such as 0’ 0, and 760 mm. 

I'^ithnmal EijHin'^ion 

The Change of Entropy </■ - <^“ in expansion from to 71 at a con¬ 


stant temperature 0" w dodutod from the relation, 

diji = {d<f>l(lp)tdji ^ - (ilvld0)^ljt ^ ~{Ulp + jir‘jeyij) .. (17), 
whence =« Rlog///)-t-(p”. (18). 

The Heat Absorbed w gi\ on by the expression, 

Q - ti - R6I log//y> + (p"-;i)iM'. (19). 

The Woik Done, W =• U log y» //», is the same as for an ideal gas 
between the same limits of pressure 

The Change of Intrinsic Eneig}' is, thoiefoio, 

E-E“ « »ir'(y' 2>) .(20). 

H'atiiiij tU (Jmuiiinf rri'^tinr. 

The Heat Absorbed ni a nse of temperature from to at constant 
pressure p° is given by the equation 

Q _ Q" - - S (f>-fl ) + („+!);,-(r'-r). (21). 

Change of Energy, 

E - E’ - s‘{9 -9) + np°{r‘ -c) .(22). 

The Work Done, 

W- R(^-f’)+/('•’-«). (23). 

Change of Entropy, 

- A* J 8de/e - S* log ei9‘ -p «p-(c7e* -r/O) . (24). 


In passing from any one state represented by the coordinates p", tf°, 
to any other statA represented by p, $, both the change of energy and 
tba change of eni|x>py must be independent of the process by which 
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tho change is effected, and equal to the raluos calculatwl hy combining 
isothermal expansion with huuting at oniistant pressure. We thus 
obtain tho following gonoial exptcssiuns for the cluiiigo of energy and 
the change of entropy in any tiaiisfoimation from the state p°, to 
tho state p, ti — 

E^E‘ = ^{O-0-')-n(pe-j,Y) .(25), 

= S’ log -11 log 7 >// - w {epie -cp /O). ... (26). 

Those expressions are true fur any value of n. 

Colrnhhou of thi Volume oj Satuuttid Sham. 

As an illustration of the numuricid applkation of this method, I 
propose to take tho c.wo of steam, us tho most important and interest¬ 
ing. But tho methwls and reasoning woidil lio equ.dly applicable to 
any other gases or vapours for which the leqiusito cxpciimontal data 
were available 

Tho deviations of tho specific volume from the ideal state aio immo- 
ibatoly given by tho values of tho coaggiogulion volume e, which am 
easily calculated. It is quite a niibtako to supi>o>se, .is it. frequently 
stat^, that thoio is any sudden or lapnl change in the co-aggregation 
as tho saturation point is appioaehod. This idea h.is arisen merely 
from exponmentul errors duo to suifoce condensation. Under certain 
conditiotis it is well known that tho vapour can evist in stable equi¬ 
librium at pressures gro.itly in excess of tho tHitiir.ition v.ihie, piuvided 
that there is no liqhid present, or any nuclei, ui other aids to con¬ 
densation. I have not, for obvious loasons, succeeded in investigating 
the propeitios of supermfuiatal steam by the method of throttling; but 
there does not appear to bo any reason to suppose that its behaviour 
could not bo piodicted with groat proliabihty by assuming that tho 
co-aggregtttioii volume remains constant at constant temperature, 
which is certainly a very close approximation to the behaviour of 
steam in the super houtod condition down to the tompeiuture of satura¬ 
tion. 

In the following tiddo, which contains u few sample values of tho co- 
aggregation e and tho spocilio volume e, tho nlcal siMjc-ific volume of 
steam at 100’ C. and 760 mm. prossuio is token as 1696-0 c.c., which 
is calculated by assuming the density of oxygen, corrected for its 
probable co-aggregation, and taking tho ratio of the molecular weight 
at steam to that of oxygon to be 18/32. The value of e for steam at 
100* C. is taken as 26 5 c.c., and the values at other temperatures are 
ealculated by the formula (6);— 


VMfc JUtVU, 
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Table I.—Specific Volume and Go-agj^rogatiun of Steam. 


Temp 

Cent. 

prcMuro 

Co-afigre- 

gatiun 

c 

Ideal 

Tohime. 

V 

SperiOc 

Tolnme. 

Cii BRrtre- 

Ration 

Ratio 

r/V 

Delation. 

Ratio. 

(c-i)/V. 

0 

0^00613 

70-0 

202680-0 

202602-0 

0-000380 

0 000886 

80 

0 08823 

01 7 

67370-0 

67309 0 

0 001076 

0 001000 

40 

0 O?.*!! 

49-0 

1C400 0 

10142 0 

0 002615 

0-002468 

60 

0-1267 

30-1 

7710-0 

7671 0 

0-00612 

0 00498 

80 

0 4670 

32 14 

3138 0 

3107 0 

0 00932 

0 00003 

100 

1-0000 

26 -60 

16% 0 

1072 5 

0-01600 

0-01600 

180 

1-961 

22-07 

911-7 

BOO-G 

0 02123 

0-02806 

140 

3-C70 

18 -50 

626 0 

608 4 

0-0851 

0 0333 

160 

6-01 

16-74 

821 7 

307 1 

0-0190 

0 0466 

ISO 

9 O-l 

13-41 

207-7 

196 3 

0-0648 1 

0 0604 

800 

16-37 

11-56 

140 1 

129 6 

0 0825 

0 0742 


The values of the specific volume r are calculated for the saturation- 
pressures, giion in atmospheres in the second column. ITie values 
for any other pressures can be eidcidated with equal ease, since the 
co-aggregation-volurao <, which is given m the third (ohimn, depends 
only on the temperature. It is'necessary in each case to calculate the 
appropriate value of the ideal volume V => Hff/p. The tallies,of the 
specific volume e are found by subtracting (c - h) from the ideal 
volume. The values of the co-aggrogation ratio r/V, and the deviation- 
ratio (c-A)/V, are also git on, as the first is useful in calculating the 
values of the siieciflc hoats by foimidHs (9), (10), and (11), and the 
second affords the most convenient means of loprosentmg graphically 
the variations of the specific^volume, since it u quite impracticable to 
plot the specific volume itself on an adequate scale. 

Graphic Bepregenfatinn of the Variutmis of Specific Folume. 

The best method of representing these results graphically appears to 
be that adopted in fig. 1, of plotting the ratio of vfV or {e-h)IY 
against We have— 

pr/R<? - v/V - l-(c-6)/V - l-(c-i)p/IW. (27). 

Since r is constant at constant temperature, the isothermals are 
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straight lino'? inclined at different angles to the axis, Imt all intorsocting 
at the same point, (/V - 1 M’hcn - 0 These linos are drawn for 
each 20° of temperature in the figure, and aie all represontod as 
toimiuating in the saturation cui\o, <iUIiougli, .is a nuittei of fact, it is 

3GiUa of Prasaurm for d-io&C. 



possible to suppose them produced beyond it, if condensation does not 
ooeur. The first part of the curve up to 100‘ C. is represented on a 
ten times larger scale of pressure in the upper part of the figure. It 
will be observed that the whole deviation from the idwa l volume at 
100° C. is only 1'6 per cent at saturation-pressure. This me t hod of 
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plotting 18 analogous to that rondcrod familiar hy Amagat and others 
in the case of the do^illtioa of g.ises fiom Boyle’s law. It is usiul to 
plot the piodiict yv .igainst /», Imt it seems to mo to 1)0 ptcfornhlc to 
pl()t;a>/R6> iiwleail of /«, lH>eaiisc the /«’ metho<l confiisc'i the diagiam 
hy introducing the offeets of the v.in.ition of teinpeiature, so that the 
difforont isotliomials oannot lie so well compaitsl, and their relations 
olisorved 

In the diagrams of Amagat and otheis, who h.ivc mloptwl the diiect 
method of moasuiiiig the whole specific \uhime instead of thediifei- 
ential methoil of nhson’ing only the doiatioii ftom the ideal volume*, 
the iaothermals are not accurately sti.iight, hut always hend dowii- 
w.irds more steeply as satiuation is a]>pto.iched, so that they aie 
concave to the avis of pr. Thoic seems te.ison to Ijolioco that this 
peculiarity m.iy lie p.iitly due to the eftect of suifaco condensation so 
w('ll cst.ihlished hy the oliseivations of I{.inis,ay and Young.* It is 
t’uo that a similar though smallei incie.ibe in the slojic results fi-om the 
woik of N.il.uisnn on the Joule-Thomsou eflect foi CO, at prt'ssiiros up 
to 20 atmospheies, at a toraperntnre of 20 0. But in that r,iso also 
the effect may ho explained hy condensation in the pores of the porous 
plug, as IS indicatcil in some of the woik of >)oule .ind Tlionison. I 
was not able to find hy the differential method, which would eliminate 
any error of this kind, any trace of this effect at moderate pi esstiros. 1 n 
fact, the cooling effect apjxaired to diminibh very slightly m itli increase 
of pressuie, as it should, on account of the small inciease in the value 
of the specific heat wuth increase of pleasure If this is generally tine 
for other vapours, it would ajipoar possible that many of the complica¬ 
tions which have been intriKlucod in current forms of empirical equa¬ 
tions of the fluid state, may serve only to lopiesent enors inherent in 
the experimental methods on which they are founded. 

Values of the Hpertftr Heats of Steam. 

The values of the specific heats at any temperature and pressure arc 
easily calculated from their limiting values at zero pressure, by means 
of the formula) (9), (10), and (11) alicady given. The actual value of 
the specific heat at a presaiiro of one atmosphere was exxiorimentally 
determined by the electrical method to lie sul^quonbly dpscrilied. The 
value so found, though slightly larger than Kegnault’s, agreed so well 
with the theoretical value deduced from the characteristic equation (6) 
hy means of Maxwell’s assumption, that there can he little doubt that 
the method of deduction employed is valid. The value of the constant 
B for steam is readily found from the value of the ideal volume already 
afKimed, we thus obtainf 

• ‘ Phil. Trank,* A, 1892. 

t Afinming pMMurt dm to a column of meronr; 700 mm. in hsighb at 

<PC. and Ma^eQin latitnde 46* li equal to 1*0188 mciadyuM per iq. cm. 
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K - 4 611 X 10‘ C O S = 0 4613 ](>ulc/tkg C 
_ 0 11017 cJ/dog C 

Iho unit ({ he it idiptbl in this pqici is tliL tliimi i1 c ipicity of 
] giammo of u itci it 20 C iihiih is tikcii is Imiig iquii iltnt to 
1 180 joulis fiom the nu in if the icsiilts 11 Kjwlunl ind of luynolda 
ind Mooibv icmpind in I luluudlj the woik of Cilhndu and 
Binics on tlic iitiitun <t the siieiiiu licit ot i\ iLci iic tho iihole 
langcO to 100 C 

I he linntuif, i dues < f thi specific he its t f stc iiii in 11 f then ratio, 
m terms of this unit no is t ilhws 

S - 0 406b eil/deg C •> 0 3Sb2tildepL / 9/7 1 2857 

In the following tihh the laluis it S an 1 / lu ^iiin fui situratod 
steam at the punt of situi iti n in oidei to illusti ite the imieisu of 
spocilie belt with pussun I hi \ dues ot the bjieiifu hi it 's at i 
piessiuo of one itmosphiic it \ iiioiis tcinpei'itniis no also giion, to 
show the diminution of thi sijciific hi at with use of tenipei ituie Ihe 
t dues enilosiil in bi ickcts ite of couisi 1011^,111 iiy but iit included to 
show more ili iily tho n itim of thi rhingi • ho \ ih e of ihe bpocihc 
ho it at euiiblaiit piissnii his litin < iliuliUilb} /eiinei f 1 oni iiegn lult’s 
olibeivations to bn 0 108, in the issumptiin tint tho spicifie voliimo of 
stuim lb i hill II tunction ot the tempei itiiio at eonstint piessuio, in 
which ease tho specific he it it eoubtint picssiiie is indeiieniloiil of tho 
piessuie Anotlior common issnroption is thitthi picssuie at constant 
\olume 18 i linear function ot the tem{)ei ituio (Van dei Waals) 
^oithoi of these assuniptiuns can lie leionciled with the most auuiate 
thermomotiie work it moileiato prossuies 01 with tho piesint oxpen 
moiits on bte im by the method of the ditfironti il thiottling i doiimotei 
Iho wlv lilt ige gained by these assumptioiib is vei J slight and ono-sideo 
ihe parti il coiibtauey of one speiihe heat is i snull matter, if at the 
same time the other theimoilynamicU lelitioiis aie 1 endued bo com 
phe lied as to make the equations useless Iho \ dues of tho specific 
heat of stoim it constfint pressure hate been re eiitly calcidatod by 
Giindloy fiom his thiottbng expciiments,* asbiumng the linear formula 
(1) of liognault for tho lotal Heat of steam Ihebotallies aie included 
in Table II for compaiisim Jhe iiumlHis given in biackets aie not 
given by Qnndley, but aie ealculited by in oxtension of his method to 
show ^0 effect of his hypothesis ihe extr lordinuiy differences 
between his values and mine, as shown in the adjacent columns (6) 
and (7) of Table II, aio nut duo to iny discrepancy in our experiments, 
but simply to his assumption of K^n inlt s formula for the total heat 
The method of deduemg tho specific heat fiom the total heat, though it 
has often been apphed, is unsound in prmciple, because the spocifie heat 
' Phil Irani,’ A, Tol 104 1800, pp 1-86 
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(leponds on tho rato of vnnation of the total heat, so that all the cirorfi 
in the formula for the total heat are enonnoiwly exaggerated in the 
calculation of tho Rpociiic heat. 

Thu lust column in the table contains th(< v.ilues of tho so-called 
“Specific Heat of S<itur.ito<l Steam,” the i<ilue of the specific hc.it 
when iIpjdH iq deterniincd by tho eomlition th.it the stc.im is to remain 
saturatoil. The value in this case is giion by th(> formula 

S(8.it) - -L/5 . . (28), 

whirh IS must ic.ulily obt.uniHl by differentiating the expression for 
the entropy of satui.ituil steam, namely, 4‘t =• '^h> + Li/^i whore is 
tho entropy of w.iter lockuned fioni 0 0 Tho \ .iliiOb of S (s.it,) also 
(htfor considenilily from those w-huh have Ix'en preiioiisly ralciilated 
on tho usual assumption that is constant, and equal to 0‘305, as 
in formula (1). 

It will be obsoivcd that tho moan \aluc of tho specific ho.it of steam 
at a oonshint pressure of one atmosphere botween the limits 120’ 
and 200“ C., tho ningoof Kegmiult’s cxix’nments, is 0’512 according to 
the values given in T.iblc II. 'I'liis ^aIue is not so greatly in excess of 
tho value 0 48 gison by Kcgnaiilt as to lie bejond tho limits of experi¬ 
mental on or, especially if wo consider that the method which he 
adopted must necess.irdy have given iiso to consUnt orruis in defect, 
and that the superheat.was only one-sixloonth of the toUil heat to bo 
measured. 

It is prolsible that tho vaiiation of tho specific heats of all other 
gases and vaiiours, to which tho Joulc-Thomson equation can be 
applied, is of tho same typo as that oxhibiUsl alxivo in tho laso of 
steam. I have succeeded in reconciling a good many of the appa¬ 
rently discordant experimental data on the subject by moans of 
this hypothesis, but the experiments themsehes .ire difficult, and 
the question of the vunation of the specific heats of gases is obscured 
by unavoidable errors. Among the most reniurkablo and accurate of 
recent results are those of Joly on the specific heats of Air and COj at 
constant volume, detei mined by means of his differential steam- 
calorimeter. Tho values which he obtiuued are muclj larger than those 
deduced from Kegnuult, and cannot bo reconciled with them on the 
common assumption (Van der Wauls) that the specific heat at constant 
volume IS constant, but they agree lomarkably well, considering the 
difficulty of tho experiments, with tho theory proposed in this paper. 
A fuller discussion of these and similar relations will bo reserved for a 
future communication. 
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r»UeII —Specific Heate of Stcim 


Temp 

Cent 

At aat iration point 
Caluncn/do); | Ratio 

1 At one atmosphere 
pru are Colories/dtg 

8(i«t) 

i 

S < 


p 1 s 

Gnndlo 

Cal /deg 




mm 1 



0 

0 1J7J 0 

1 2S(2 

4 66| 1(0 6 «( ) 

(0 300) 

-1 «80 

SO 

0 4084 0 1873 

1 2870 

17 6” (0 6768) 

(0 308) 

-1 602 

40 

0 6008 0 388 

1 2888 

at 36 (0 o 44) 

(0 814) 

-1 361 

eo 

0 066 0 am 

1 2321 

U*' 63* (0 6411) 

(0 82() 

-1 223 

so 

0 6128 0 3 lo2 

1 .377 

lo6 30 (0 «8) 

(0 34 0 

-1 116 

100 

0 6236 0 4009 

1 3060 

760 00 0 '^230 

0 387 

-1 028 

120 

0 6388 0 4000 

1 3176 

1491 4 0 ol81 

0 448 

-0 066 

140 

0 6681 0 4188 

1 1127 

2716 6 0 6138 

0 637 

-0 806 

160 

0 681b 0 4303 

1 3618 

4667 0 0 '>106 

0 66'5 

-0 844 

180 

0 6080 0 4427 

1 3748 

7546 0 0 (73 

(0 8.7) 

-0 801 

200 

0 6803 0 4568 

1 4012 

11(84 0 I 0 o0r>3 

(1 013) 

-0 760 


Van Uton of the lotal He it ttid Uitent Ht it 
The Totil Heat, H of a vapoiu dofioed in the usu-d manner, u 
related to the L iteiit Heat L, by the nmple equation 

H - L + A (29), 

if the Heat of the Liquid A is reckoned from the same ^oro as the total 
heat of the vapour In the case of water both H nd A are reckoned 
from the state of water at 0 C fhe specihc heat of w ater u so nearly 
constant that A may often be taken as equal to t More generally we 
may write 

A - t+<lh (30), 

whore dh is the small difference of the heat A from the value i, which 
it would have if the specific heat were constant and equal to unity 
Accordmg to the observations of Barnes, the variation of the specific 
heat IS veiy nearly Imear between 60 and 100° C The value of A at 
temperatures above 60* C may be taken as 

A - t + dh - f+0000110(f-60)* 


(81) 
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Ihis simple formuh agrees very nearly with Uegnaults observations 
m the late of variation above 60 , ind ^o with the talile of values of A 
given by Calltndai and Barnes * 

The iccui ito relation between the lotal Heat and the ^wcific Heat 
of the \ ipoui IS it willy obtained by oquiting the iiitiinsit tneigy of 
Rtoim ti iporatod at 0 G at a pressiue j , uid then Iieittd it constant 
piessme j up to iii} tcmperitmo d to th it of sit ini < bt lined by he it 
mg the li(]uid up to the same ttmptiaUuc 0, ev ipuratmg it at 0 imdcr the 
(onstuiit situiatiou pressure j ind evpanditig the vapoiii at const int 
temperatuie 0 down to the piessure / of situi itioii it 0 C The 
various chinges of intnnaie energy mvched in these piotesses are 
given by eqii itiuns (20) and (22) Aftei a few simple ruduitiuns we 
obtain the 1 qii ition of Total Ho it 

H H ^(00) (f+l)(j 2) (32), 

which IS simply the expiesbion of the fust liw of theimoiljnaimcs as 
ippliod to the piublem in I might dso hue been ol tune I in various 
other ways If we omit the small teims depending on the to aggrega 
tion < the equation is identical with that gi\ou by Kankme in 1800, 
on the issumption that satuiatod stcun could lie treited is an ideal 
gas Ihe smill teims rcpiesent the effect of the deviations of steam 
fiom the I led state ind become important at high piessures The 
equation neglects the exteinal woik of expansion of the hqmd, but 
this IS loss th in one thn tieth of i ciloiie it 200 G although it may 
become impoitant is the ciitical tcmpciaturc is ippioacbcd 

Itqnition (32) gives only the vanitiona of the totd heat of the 
eaturated \ ipoiu In oidet to find the absolute v dues it is neees 
scry to know the actual value of the totd he it it some puticular 
temperatuie The olivious vdue to select would be that given by 
Begnault at 100 C, namely 637 coloiies His methods do not appear, 
howovei, to have been sulfaciontly exact and I prefei to roly on a 
moie locent determination by Joly with his ste un calonmeter (described 
by Gii&ths) t Joly detoimined the meui specific he it of w itoi between 
12 and 100 C m teims of the litent he it of steam at 100 C Now 
the mean specific heat of water between 12 ind 100 G is known m 
terms of the spocihc heat at 20 G by the lesults quoted above We 
can theiefore leveise the calculation, and find the latent heat of steam 
at 100’ C The result of the calculation gives L at 100 «> 040 2 
calories at 20 C This is considerably iii excess of Iteguaults value, 
but It 18 quite within the bmits of probable error of his experiments, 
and It possibly still errs m the direction of being too low Assuming 
thu value as a starting pomt, I have calculated the following table of 

• Brit Assoc Bop1899 

t Phil Trans ,* A. 1898, p 828 
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values of the tutil he it iiul lateut he it, lud of tho rate of \aiidtion of 
the situi itiun pre'^'iun irid tho total he it with tenipei ituru, namely 
tlpliW (%-it) 111(1 /H W It will lie ohsin 1(1 that the i itc of incrtuse 
of the totil h(.it dimuii'ihos lapidl) it hi^h tcmpei iliu(i> while the 
I ite of diniinnti in of tho 1 itent h(. it iiu le isi s 1 his must m ccssanly 
be tho ( I’M) IS the i itent ho it sh nd 1 i iiii h m it tho (iiti il ttm 
poraturo, wIulIi (a(.iiis il ut ibS C locoidiiig to thi obsin itioiis of 
I ailletct and Cl I imIl m w he rt is tho line ii foi mnl i of ivegn lult would 
m ikt tho 1 iteiit Ik it i inisli it il out s70 C I his is in additional 
indii ition of the uii^masiI ill*v ot 1 i^iiiultb foimuli II in ly be 
olwtned, howoiti tint the iiciigt i iIl of iikicisl of thi. totil boat, 
itLouling to Tilk 111 bawten 100 ind >00 C oiti the i iiigc of 
liAgnmlts c\pcrim(,nta fium which the linen fuinuili ( 1 ) w is i ilcu 
lited IS only 0 3J0 c ib im pci digici which dirtois so little fiom the 
coefliLiciit 0 30i giiLii bj Kigniult is to Ik. well within tho limit of 
atciu ley of his oxpeinnents cunsideiiiig the ic know lodged Icikago of 
tho diBtiiluting tip ml thit the whole dilleitn e is only oiiehalf 
of 1 per cent on the (juintity of he it meisiiiul 

The values of dj 10 gi\ on in cc luiiin 0 of the tilli ire eiliulited 
from those of I by meins of the tin imolyiiimi iil itic n (1) ilieid} 
quoted, ibstuning the i dues of the specifi lolnmc fiom 1 ible I 


lablo III—lotil Heat tnd Latent lie it of Ste im in teims of tho 
Iheim il C ipicity of AN itei it 20 ( 



ir-H* 

(lift 

jr 

2 

L 
c Is 

ip i» 
nil I g 

01 ii 
iN 1 

R 1,1 RUlt 8 

0 

0 00 

503 0 

0 00 

693 6 

0 H(1 

0 4133 

60b 3 

20 

) HI 

103 S 

20 06 

>83 2 

1 0 1 

0 1SS7 

bl2 b 

40 

in 5d 

bl3 0 

40 02 

673 0 

2 0>2 

0 4800 

618 7 

60 

28 99 

622 > 

00 00 

603 o 

6 001 

0 Krfo 

624 8 

80 

IS 1j 

( n 7 

80 01 

561 7 

14 31 

0 4hj7 

030 9 

lOO 

1 lb 8S 

640 d 

100 14 

640 3 

27 1(1 ^ 

0 1202 

637 0 

120 

51 90 

048 4 

120 S 

1 628 1 1 

47 M 1 

0 3«S.> 

613 1 

140 

62 22 

656 8 

140 6 

Ul6 2 

77 06 1 

0 368 1 

648 2 

leo 

68 0 

662 4 

101 1 

I 60’ 3 

118 62 

1 0 314 

^ 666 3 

180 

74 0 

668 4 

181 6 

486 8 

173 60 

1 0 274 

061 4 

aoo 

79 9 

673 4 

202 3 

_ 

471 1 1 243 0 

I 0 237 

667 6 
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The values of ffH/i/tf are uhtaiucd from those of dpjdO by differenti¬ 
ating (Kiuation (32), thus, 

dWjde = s" - {„+\)r{dpide-nri$). 

It will he observed that the v.iliics of the total heat in the aliove 
table agree very closely with those of Tfegnault between CO and 90 , 
whole his results (according to Giiffiths)* are most reliable. The 
average of his ulwen ations u\er this range is in exact agreement with 
Table III. At lower temperatiiies, Ifegnault’s obseivations are very 
iliflcordant, but the laluos gi\pn in the table aiewell supported by 
those of (Trilliths He finds, foi instance, the latent heat to bo 072'7 
calories at 40 2 C, where the Udile would ghe 073 1. 'fhe unit 
employed by Griffiths (calonc at 15' C ) is different, so that his value 
would require to bo raised neatly 0 6 lal to reduce to the same unit, 
which would make it 573 3 caloiies at 40 2 There cun be no doubt 
that his olisoriations aie entitled to much greater weight than those 
of Kegnault, which are ncaily C lalones larger at this point The 
value, 596'7 foiuid by Dieterui with an ire calorimeter,t for the latent 
he.it at 0 C., is 3 2 calories larger than that giv en in the table. Hut 
It must lie reniomliored that observations of the lati'nt beat at 0° C. are 
not at all o.iay, and th.it there* is some uncertainty about the unit 
employed by Dioteiici, us ho finds by the same method the value of 
the moan specific he<it of water between 0" and 100 C, almut 1 per 
cent, larger than lieynolds and Mooiby or Oallendar and Hanies It 
is iioesiblc that his result might agree with Tabic III if it could lie 
reduced to the same units. 

Eniiopij of irtiln and tifeom, 

'Hie entropy of water, is leadily calculatc'd from a table of the 
values of the specific heat when the vaiiutioii of the specific heat is 
known. >Suicc, however, the specific heat is noaily equal to unity, we 
may write, 

<1^ = log, 0/e’ .(33), 

whore dtl> is the 8m<dl difference of the vidne at any tenipoiature from 
the value log, djd°, calculated on the assumption of constant specific 
heat. The values of d<f> given in the following table have boon calcu¬ 
lated from the table of values of the specific heat given by Oallendar 
and Baines.I It will be seen that the values of f/0 are very small at 
temperatures lielow 100° C, but increaso rapidly at higher tempera¬ 
tures. Aliovo 200° C. the values of the specific heat of water are so 
uncertuia that it is not possible to calculate the properties of steam 
satisfactorily by any method. The values of dh/0 =» (h~t)l6 are also 

• ‘ Boy. Boo. Proo.,’ Deoembsr, 1894. 

t < Wied. Ann.,’ toU 87, p. 604,1800. 

$ ‘ Bnt Anoo. Bep.,’ 1899. 
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given m the table for comimiihun with thc«o of They are calcu¬ 
lated from the sumo table of the \allies of the specific boat, and the 
difforenco d<f> - d/i/fl is seen to lie small This diffoi-cnco occurs os a 
small coiredion in the equation for tho saturation pi essuro, to lie pre¬ 
sently given. The values of the cntiopy of watci, corretted for tho 
variation of the spei ific heat aie given in the column headed </»„. Iho 
values of the cntiopy of steam are obtained by adding tho v'niues of 
L/® given in the iic\t rolimm, which aio found fioni tho values of tho 
latent heat alieady given m Table III Value's of </v, c.dculated from 
Kegnault’s formula, arc given in tho last culiuuii for compansoii. 


Talilo IV —Entropy of AVater and SU!.im. 


j t dkii. 

rip 

LogfO/V 

1>H- 

L/». 


1 "oi 0 

0 


0 

2 1710 

2-1710 

2-214 

' 20 1 0 00010 

0 00017 

0 07070 

0 07087 

1 1)008 

2 0017 

2-080 

40 1 0 00008 

0 00000 

0 13672 

0 13081 

1 81108 

1-0676 

1 082 

00 1 0 00000 

0-00001 

0 10867 

0 lOSOS 

1 6802 

1 8880 

1 800 

80 j 0 OOCOO 

0 00010 

0-2SG04 

0 25701 

1 6()28 

1 8108 

1 811 

100 ' 0 •00037 

0 00039 

0-31208 

0 31216 

] -1183 

1 7608 

1 748 

I 120 0 00084 

0 00000 

0 30128 

0 86518 

1 3138 

1 

1-7000 

1 602 

1 140 0-00162 

' 0-00163 

0-41104 

0 41307 

1-2476 

1 6032 

1-644 

1 UK) 0 -00212 

0 00281 

0-.16112 

0-46373 

1 1678 

1 -6216 

1-60.1 

180 0 0036.S 

0-00384 

0-60645 

0 61020 

1-0746 

1 6849 

1-668 

200 0 00407 

0 00632 

0 61060 

0 66102 

0 0060 

1 6609 

1 636 


TIu- Enhopy Equation 

By the application of tho second law of thoimodynamics wo may 
obtain a relation between tho latent heat and the saiuiuUon-prcasure. 
Expressing tho fact that the entropy of steam evaporated at 6 ° , and 
heated at constant pressure /<' up to any temperature 0, is the same as 
tho entropy of steam obtained by heating water up to the same 
temperature, 0, evaporating it at saturation-pressure, p, and then 
expanding it at constant temperature, 0, down to the pressure, p% 
of saturation at 0", we immediately obtain the entropy equation 
(1 - S') log, 0/0- + L/fl - L'/fl'+E logsPlp’ 

+ di^ + n<pl0-tir’p"l0‘ — 0. (34). 
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Tho various terras of this equation have heen already calculated, and 
are given in equations (18), (24), (26), and in Table IV. Tho last thioe 
terms of the equation aio small, and lepiesent Iho efl'ott of tho varia¬ 
tion of tho specific heat of watei, and of the doti.itioii of tho pioperties 
of steam from the ideal state, as oxpiossod by the ch.iiactenstn 
equation (6). Neglecting the small toims, the oqu.ition is identical 
with one given by Boitr.uid, on the iissuiiiptioii that stCcUii may lie 
treated as an ideal g<iB. It is urideiit tli.it the \ .dues of the B.ituration- 
pressuio may lie cahulateil from tliu> cqiution by means of the values 
of tho latent heat alio.wly found. It is liettc, however, to eliminate L 
by means of tho ciieigy oqiution (32) aliu.id} given. 

Eiiiuthm of Ihf Entinnhon-l'ii^siiii. 

If wo substitute H - II' L - L" + /i - L - L° -t- / + tih, in tho energy 
equation (32), and divide by 0, ;ind siibti.Kt fiom tho cntioi»y equation 
(34) aliove given, we obtain tho equation of batui.ition-piet>Burc, which 
may be reduced to tho foim 

li log,p//)“ -= (L'/fl” -h np c°l(t)ilO - (1 - S‘) (log, $j0‘ - t/f)) 

. (36). 

Neglecting tho tenns dcpon<Uiig on tho co-aggregation, and on the 
variation of tho specific heat of water, this equation is equivalent to 
one given by DiipriS and Bertrand, and rediscovered in vaiious ways by 
many other oliservers (c.flf, Pictet and Ilort/.).* If the correct values 
of S", L°, and R are uiserted in tho formula, the equation thus simplified 
gives very accurate values of tho satiuation-piessmo at low pleasures 
whole tho properties of steam satisfy upproxim.itely the fundamental 
assumptions mode in deducing the formula. Bcitrund,t although of 
course ho was well aware that tho formula thus obtained was not accu¬ 
rate at high pressures, has calculated numoiical formidai of this type 
for a large number of vapours, choosing the constants empirically so as 
to obtain tho best agreement over the whole range. The values of tho 
constants so found do not, of com sc, agree with tho correct values of 
L" or S°. Tho numeiical values chosen by Bertrand in tho case of 
water, for instance, give L' =» 573 caloncb, R" -= 0'575 cal. per dog., 
and the value of tho steam pressure found is 763 mm. at 100° C. At 
low temperatures tho first teim in foimula (30) is tho most important, 
since log, Ofif is very nearly equal to tjO when t is small. The formula 
then reduces to the simple type, logp » A+Bf6, which has often been 
employed for approxiinate work, and is the lioais of the useful relation 
of Bai^y and Young. ^ Adding a second teim, C/^, to this formula 

• Pictot, ‘ Comptes Bendns,’ toI, 00, p. 1070, 1880 (proof UTshd) j Herts, 
' Wled. Ana..’ toL 17, p. 177,18Sa. 

t ‘ Thermodyiuumque,’ p. 98. 

I • Phil. Mag..’ toL 21, p. 33. 
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to take account of the sm.ill teims in oqiuition (35), wo obtain tho well- 
known empirical formula of Kaiikmo (1849), which h> voiy cutneuient 
and accurate A noailj' cqiinaluut fotmula is that of Unwin,* log;» - 
in which the aame eftect m enipitK ally secured by an arbitrary 
exponent. ITicso formnlit* .'iro purely empirical, but it is interesting to 
oliserve how they are iclated to tho correct thermodynamical expres¬ 
sion (35). 


Siifiiiiitmn of Simm 

In employing equation (3.>) to lalcnlato tho numerical values of the 
saturation-preasuie in the e.ise of ste-im, we have only one empirical 
constant, namely, p", which is detei mined by tho condition that tho 
saturation-pressure .it 100 C is TfiO mm. Tho v.duos of tho other 
constants which occui in this equation haio liccn already given, 
namely, 

S° =- 0 4966 cal /deg L - riO.S 5 cals R = 0-11037 cal /dog. 

Tho value of O', which is also one of tho fundamental data, is taken as 
Ixjing 273“, but is uncotUin to tho extent of 0-1’ Dividing tho equa¬ 
tion liy It, and tcduciiig to common logarithms liy the modulus lug, 10 
a 2'3026 m, wo obtain the mimoncal foimula 

^ogiaplp" - 8 564//<^ - 4 561 F(tf) (//c -/c*)/«B(l 

-{df-tlhieymB . (36). 

in which r(^ stands for the function logm 0/0' - i/mO. 1 have used this 
form for calculation, and havo given tho values of tho separate terms in 
Table V so as to show thoir lolative importance It is also possible to 
write tho formula in tho shape, log p =• A -H B/O + C log 0 -t- small 
terms, but this docs not show so clearly tho relative effect and im¬ 
portance of L° and S°. 

The values of tho saturation-pressure in tho column headed p aro 
calculated by the complete thermoilynamic formula (36). Tho values 
given in tho column headed Hognault are those of Bognault, recalcu¬ 
lated by Peabody and roiluccd to latituile 45°. Tho difference expressed 
in dogreos of lemperaturo is given in the last column, and is probably 
within tho limits of error of Rognaiilt’s observations .uid of the empirical 
formiilsB employed to represent them. If wo refer to the actual obser¬ 
vations of Kegnault, wo find that the diseropaiicios of individual 
observations at any point, expressed in ilegreos of temperature, exceed 
the values of the difibrencos shown m the last column. We also find 
that in most cases the actual observations agree better with the single 
formula (36) than they do with the two empirical formuIsB, each with 
five arbitoary constants, from which the values in the column beaded 
• ‘ Phil. Msg.,' Toi. 81 , p, aoa 




l')r. G. Johnstone Stoney. 

Table V.—Saturation-Pressures of Steam. 


'• r 


0 

8 U 

40 

60 

HO 

100 

120 

140 

100 

180 

200 


I 

0 omw 

1 0932 ! 
1 5«3 

1 -9387 ' 

2 2932 
2 6120 
2 HOOH 

8 1012 I 

3-3990 
a-6170 


0 

-0 OOH) 
-0 0177 
-0 0367 
-0 06tW 
-0 OH72 
-0 1169 
0 1 IHH 
-0 1817 
-0-2103 
-0 2SU 


0 

+ 0 (NMU 
+ 0-0001 
to 0020 
+ 0 0039 
+ 0 0060 
+ 0-0101 
+ 0 0152 
+ 0 0211 
+ 0 0270 
+ 0-0357 


0 


-0-0001 
-0 0002 
-0 ooo.> 
-0 0008 
-0 0012 
-0 0018 


4 06 
17 68 
65 -35 
119 63 


l-l«l 
17 H) 
61 91 
118 80 


760 OO 
1101-1 
2710 6 
4057 
7516 
11684 


700-00 
1190 6 
2717 0 
4052 
7637 
|l]661 


nur. 

oas 
0 20 
o 20 
0 12 
0 01 
0 00 
U 02 
0 02 
0 05 
0 05 
0 08 


Kegnault wore ealculatotl. Taken in conjiuiction with the differential 
throttling oxponraents, and with the throct measurement of the specific 
heat by the electiioal method, this is very strong oiidenco that 
Kegnault’a formula for the total heat is incorrect, and that the values 
of the total heat and latent heat given in Tahlo III, and suppoited by 
the experiments of Giiifiths and Joly, should Ihi accepted in its place. 


'* Note on Inqniric* as to the Escape of Gases fnmi Atmospheres." 
lly G Johnstone Si’onkv, M A, Hon D.Se, F K.S Ilocpived 
and Head June 21, 1900. 

We have now three investigations which profess to supply informa¬ 
tion about the escape of gases from atmospheres. Two of them, those 
of Messrs Cook and Biyan, reason fonvard by the help of the kinetic 
theory of gas from the supposed causes, the thinl, which is that pre- 
ferreil by the present writer, reasons backward by tho help of the same 
theory from the observed effects. 

Mr. Cook’s investigation, which will lie found in the ‘ Astrophysical 
Journal' for January, 1900, seeks to compute the proportion of mole- 
onles which can attain the speed requisite for escape by means of the 
formula which Maxwell published in 1860, assigning the proportion of 
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pATticlofl whose speed lies between v timl in n systcni of colliding 
particles intoiidod to tcpioscut iiii isotropic portion of gus. 

Professor Jbyan's iriiestigatioii* is b.lse^I on the invcstigiitions lumlo 
since 186G into the way in whuh eiieigy lends iiltimutidy to lie par¬ 
titioned among the lanoiis motions possible within a self contained 
dynamical system of Isslies ITip system need not lie isotropic, since 
the IkkIics niiiy be moling in ,i ronstant field of foicc 

An iminiry by the prcMint winter into Mi (’ook’s nietluMl of do.iling 
with the jirobleiii is attempted in the M.i\ anil June niimberh of the 
‘ Astrophi'sical Jonnial ’ foi 1900, and in the piesent {M^icr a similar 
attempt is made with reference to Piofcssoi JJiyan’s 

Both Air Cook .iiid Pi’ofessoi Itiyan pi edict the ])ro|)ortion of mole¬ 
cules which can ese,ipo from an atmosjiheie by deducing the proportion 
fiom its supposed causes, anil in this lesiMict aio in coiitiost with an 
investigation proiionsly piiblishoil, which sought to asejrlain fiom the 
olaened effects of efec<ipe where and on what scale it li.is in fact t-ikon 
place (See memoir liy the present writer in the ‘ Stiontifif Transactions 
of the Itoyal Dnlilin Society,’ vol 6, Part 13, or in the ‘ Astiuphysical 
Journal ’ for Jumuiry, 1898 And for further OMdciice that helium is 
escaping ftoni the eaitli, see * Nature’ of the 24th May, 1000, p 78.) 

Where, as iti the pn'sent instaiiec, the « jumt and n po^eitori 
methods have leil to lucoiisisteut immeiKid lesults, theio must lie a 
mistuko or mistakes somow hoic, and it is niciimlient u]K)ii us to search 
till these are detected If they can he found iiiid collected an 
imporUnt ailvantoge will lie gained Piofossor Biyan, .it the end of 
his letter in ‘Nature ’ of the 7th June, 1900, iiiihc.iteil one place whore 
H mistake may have been m.ulo, , in the .issnmcd lehitinn lictwoeii 
temperature and the kinetic energy of the ti anslatioiml motions 
Another mistake may perhaps h.ivo liocii nuide in assmiiing the legiti¬ 
macy of treating the paitition of energy when molecules move in a 
field of force, as though tho only partition to lie considoiod is between 
these molecules, whereas no field of forco can exist unless it has been 
produced by some physical agent, upon which every motion that goes 
on within the field must react In consoquotico of these reactions no 
field of force in which any motion occurs c.in lie accurately constant, 
and a partition of energy liased upon tho biipposition of its constancy 
is a theorem in rational clyiucmics, but bus no coiuitmpart in nature. 

Thus, in the case of tho earth’s atmospheio, the anisotropic concUtion 
of its outer layers is due to the field of force which exists in the neigh- 
Ixmrhood of tho earth; and when we are nhligod tci take into account 
this anisotropic condition, as tor miift wh-n dniHtii/ tnth the rvape of gasrs 
from almosphrrm, this is to lie clone (when wo are treating the problem 
as one of partition of energy) by iiicludmg os molecules between which 
the partition has to take effect not only the gaseous molouulos,* 
• • Eoy. Soo Proc,’ ApnI. 6, 1900, p. 385. 
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l)iitnliiio all the other att»-actinp; Tnolecidos which piovicle the field of 
force 

[So aj'uui with lefereiico to the uever-ccaiing tuimoil which goes on 
in the atmosphere, which neai the surfriee of the c.iith evhihitB itself 
in tempests, thniiderstoims, .iml other phases of weather, and which 
in the ufiper regions includes phonomeiia still moie extensive and 
swift It is manifest that these events incre.isc the opportunities 
which gaseous molecules h.i\o of escaping fioni the earth, and that 
accordingly fhi,/ wustlH fiilni min iirioinit, either expluitly or implicitly, 
in every valid in(]iiiry as to the latc of escape. 

To take them into account in an iincstig.ation liased on the partition 
of energy, we have to extend th.it p<irtition to whatever agency pro- 
ducoa the turmoil. Now the .ictivity within the atmosphere (and in 
fact almost every niolir lutivity upon the earth other than the little 
which is attrilmtililo to tidal .action or to such minor agencies as earth¬ 
quakes and volcanoes) is cau-icd by the shiftings .iliout of energy 
which come in hetween the loutmuons advent of energy by radiation 
from the sun, and its contiimmis escape from the earth by radiation 
into space. Hence to render an investigation by the lloltzmann- 
hlaxwoll Jaw valnl it is necesairy to extend the partition of energy 
beyond the atmosphere—first to the t-olid eaith, so as thereby to take 
account of the anisotropic character of some of the atmospheric strata 
(which facilitates the escape of gas); and secondly to embrace at least 
the sun and the icther between the earth and sun, so as thereby to 
take into account the turmoil in the upper regions of the .itmosphore 
(which further incroasoB the rate of escape). It seems to lie only when 
these extensions shall have been effected that a gciiuroliBod law such 
us the Boltmann-Maxwell law for the partition of energy between the 
various degrees of freedom can become competent to furnish any 
information with reference to the rate at which gaseous moloculos 
actually do escape from the eaith.—July 17, 1900.] 

Then us regards temperature. The temperature of a solid is in 
reality twofold; it is either its radiation tomperatuie or its conduction 
temporutuio. Those are physically distinct, although in all but some 
exceptional cases they are so nearly propot tional to one another that 
they may Iw given the same mathematical oxpiossion. So, again, when 
desding with gases wo do well to keep in mind the essential distinction 
between radiation temperature and what may be called convection 
tomperaturo. The tempovaturo of an isolated gaseous molecule moving 
by itself through space is of the first kind only, and depends exclu¬ 
sively on the energy of the internal motions—those motions within 
the molecule which enable it to absorb or emit radiant heat—and ti is 
tn no degite afftcUd hy the kineiie energy of the translational motion of 
the molecule; whereas if the same molecule form part of a gas, it meets 
with encounten with other molecules or with the walls ot a containing 
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vessel, and at each such oncoiuiter there is a partition of energy 
between the translational and the internal motions, and in consequence 
of this the kinetic energy of the translational motion liecomes a part of 
what determines that average xKiwor of absorbing and emitting radiant 
heat which (when cslmiuted over a time omhracing a sufficient number 
of encounters) is the piopor definition of the nuhatioii temperature of 
the molecule. Acconhngly the aier.tge kinetic energy of the transla¬ 
tional motions of the molecule entei-j into its mathematn al expression. 
If the gas be dense, oncoiintera aie fieqnent, and Af, the time requi¬ 
site for the averages, may bo biief. In this case the radiation tempera¬ 
ture of a molecule, while the gas is imdergoing some change in its 
condition, is prodomiiiAiitly the outcome of its encoiintcis, and depends 
mainly on the molecules that sun mind it; whereas if the g<is be very 
much attenuated, then the indiation temperature of the molecule 
during a period of transition will depend mainly on what infiiiences 
then reach it from the suiiounduig a'thei, and will bo but in a subordi¬ 
nate degree aficoted by the encounters to which the molecule at about 
that time happens to lie subjected 

This is a matter which needs to ho vciy fully taken into account 
when wo attempt to estimate the escape of molecules from the earth’s 
atmosphere, inasmuch as a birge part of the heat riuiiatcd by the sun 
tethe earth is absorbed by the gaseous molecules which happen at 
the time to bo moving about in those strata of the atmosphere from 
which alone there can lie any effective escape Aceonbngly it will 
need to he carefully scnitinisod whether this has Iieen either explicitly 
or implicitly taken into account in the attempts which have Iieen made 
to determine a pnturi the late of escape. 

■When the moleculos of a gas or of a mixture of gases move in a 
field of force such as that surrounding the earth, convection currents 
ean exist, and the term temperature as applied to the gas becomes 
ambiguous. It may have either of two distinct meanings, one of which 
has reference to the transport of heat by convection and by the con¬ 
sequent sweeping of successive portions of gas against bodies immersed 
in it, and the other has reference to the exchanges of heat by radia¬ 
tion with those or with more distant iKxhes. These are different 
fdiysical events, and the assumption that they stand in a fixed ratio to 
one another is convenient, but is often not true. It is probably Inti¬ 
mate to regard it as approximately holding good in a gas which has 
nearly reached a final, *.«•., an miohanging condition, and where the 
proUem with which we are deahng iloos not need oim making any 
doser scrutiny than as to what on the average happens to a sufficiently 
Utge swarm of molecules within a sufficiently long duration j but it is 
hot tme while gas is passing through transition stages, nor is it true of 
individual nudeoular events or of smaU swarms of events, even in gas 
fddeh has reached its final state. 

you utvu. Y 
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Now none of tho gases of the atmospheio have even approaehed 
any such state Changes incessuitly go on in the open an at the 
bottom of the atmosphere and tho extent and abruptness of the 
changes that as incessantly go on in its upper regions are piobibl} 
greater 

Again the consequences of onmulitivo effects insing in the ilhimt 
ibietruns ind combinations of encounters that iie t iking place and 
of associ ited events iii the ‘tthei will ilso need to lie either exphutly 
01 implicitly tikon into iccuiint in anv vahd iniestigation of the 
escape of gises fiom itmospheies by the deductiae method 

All the cueumstances that hive been icfotiul to uuull have to 
appeal among tho data of in oirhuuy dynanuuil mvcstigation of the 
escape of an individual molccidc fioni an atmosphere if such an 
investigation were possible and the claim of i gonei ilisod theorem 
hke that of tho paitition of eneigy to lender it unnocessaiy to go into 
these details ought to 1>e ciiefully sciiitinised Tn one rue it least 
the claim does not ippeir to staml this test vi/ in leferenoe to the 
supposed legitimacy of the issumptioii thit the hell of foice siiriound 
ing tho oaith IS const int Thmgh its sanations aie minute thov ato 
none tho loss leal and aie duo to inteiaotions betMoon each gaseous 
molecule and all tho molecules of the sobil earth as real as are the 
interactions lietaoen gaseous molecules when they eneoimter and as 
much entitled to lie taken into aeeount when wo seek to carry on the 
imestigitiou in tho logion of genet disc I pro{X)sitiuns It shoidd be 
kept in mind that in rofoienee to whit happens within this region, 
rhe plea of liuug so minute us to lie of iieghgiblo amount is not 
idmissible Whether a \orv small factor may or miy not be neglected 
must be dotoimincd independently in each iiidii i hi d e ise and in the 
ibove instance tho decision is that it m ly not lie negloeted 

Othei collections might lie suggested along with tho pnncipal ones 
noticed iliose—that leliting to the two kinds of temperature, that 
I elating to the hold of foico and thit editing to turmoil in tho atmo^ 
sphere but what booms most to lie wanted is that wo shoidd recogiuse 
that any law for a distnbntion of eneigy withm the atmosphere by 
itself can onU come approximately into practical effect after the lapse 
of a sufficient dur ition and throughout a oohimn of the atmosphere 
from which accidents are excluded , and that thu law will not be the 
Bolt/m iiui Maxwell law, which may not lie so restricted 

Thus let us imagme a eylmder l±e a greit lower of Babel, reaching 
to the top of the atmosphere, with walb competent to intercept dynami¬ 
cal, electrical and all other extraneous influences other than gravitataon 
The air within this tube woidd consist of molecules, moving in a field 
ci force caused mainly by the earth’s attraction and rotation, and this 
column of au might perhaps after some such penod as a month, a year, 

ceiitun, 01 a thousand years nearly attam such a distnbutum 
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energy u that indicated by some law. But if while this process is 
maturing a wind overthrows the tower, sweeping away the air it con¬ 
tained and substituting other air under now conditions, and subject to 
all the chances of upnishos, downnishes, thunderstorms, auroras, 
cyclones, cloud, sunshine, rain, &c , then after all or any of these 
or of the like accidonta, the tower would have to be rebuilt liofore 
any portion of the atmosphem ovtonding from the Iwttom to the top 
coidd find itself in a position oven to commence the first steps of an 
advance towards at some future time complying with the law. 

The supposition then that the Bolt/.in.um-Maxwell law can bo 
xestricted within our existing atmosphere would appear to bo a mistake; 
and if so the inforences from that law aio not part of a rcid interpre¬ 
tation of nature. It nee<l not therefore lie inattei of surptiso that, in 
the case of helium, the facts of nature seem to negative those inferences. 

The wcathoi which will prevail o\er the earth this day month will 
lie the outcome of the present molecular state of the earth, and of the 
molecular events which will happen in the me,tntimo; but our power 
of stating in mathematical form the existing state of the earth, and our 
knowledge of molecular physics, are not such as would enable us to 
predict that future weather by the n jnum or deductive method of 
proof. The difficulties in this case aie easily seen; and they are 
instnictive, since the escape of gas from the caith depends on pheno¬ 
mena which are probably as complex as those w'hich determino the 
weather and as little amenable to treatment by the deductive method. 

Any such distnhutioii of energy as that assigned by the Boltsmaiui- 
Maxwell law wotdd, if it could bo realised, be brought into existence 
by the gradual effaccmeiit of excesses which had previously existed; 
from which it would appear to follow that excesses prevail in our 
existing atmosphere greater and more numerous than could exist in an 
ideal atmosphere that olrayod that law. It is probable, therefore, 
that ill our actual atmosphere there are more upportimitios for the 
escape of molecules than there would be in the ideal atmosphere—• 
a conclusion which accords well with the fact that the actual rate of 
escape exceeds those computed by Professor Bryan and Mr. Cook. 
(See ‘Nature’ of May 24, 1900, p. 78, second colimin.) 
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" South African Kcjrsc-sickiH'BH: its Pathology anil Metlioda of 
Protective IiuH-ulation ” By Alexandkii EmxiiTON, M.B, 
(’.M , y.luSR, Director of tho Colonial nocteriological Iiisti- 
tuto, Caye Colony. Commnnicateil by Sir David (Jim., F.BS. 
Beceivcd Augual ‘lO, 1900 

This disease, so far us is known, is peculiar to South Africa 

While nffecting tho Tranaraal and Khixlesia every year— hoginning 
aliout tho end of Octolior and continuing until tho following May, or 
oven later—it only affects the Capo Colony anil Natal in an episootic 
form in certain years, although sixiradic lases occur ammally in certain 
localities. 

Jiitninh .Iffrtffil. —It affects horses, asses, mules, and it has been 
assorted- although I have never seen such cases—that quaggas have 
also heen killed by it. 

A disease which occurs to a limited extent among cattle, called by 
the natives Imapunga, and one which exists as a widespread plague 
among high-bred sheep and goats in the Eastern Province of Capo 
Colony, are each closely rekted in their pathology with this malady. 

Infftteii —Tho most dangerous areas are those which are 
relatively low-lying—indeptnident of tho alwolutc altitude of tho 
district. 

PrtiW of Iiiferitoii. —It has been commonly observed that whore 
animals diu-ing a season of sickness are not permitted to graze after 
sunset and lioforo the sun has dried up tho dew fiom the herbage, they 
do not so commonly become affected as whore such a routine is not 
carricfl out. 

Horses which are stabled during the night are, as a rule, safe, but 
during last year CO per cent, of the stabled horses in Eshowe, Zululand, 
died of this sickness. Veterinary Lieutenant Coley, A.V.D., who kindly 
made tho oliservations for me, stateil that these horses were mainly 
fed on Guinea or Uliaalia grass mixed with forage or Indian coni. 
This grass was usually cut in the evenings and made into bundles till 
next day. Those who took particular care to have tho grass 
thoroughly dried in the sun before using it did not lose their h<Mr8es, 
while those neglecting this precaution lost heavily. 

The disease is only directly contagious; for while inoculated horses 
have died in my stables among clean animals, I have never found, 
during observations extending over seven years, a single case of infec¬ 
tion from such a source. 

The annual mortality in Rhodesia and the low-lying parts of the 
Transvaal amounts to over 90 per cent. 

Animals which have recovered from the sloknest are termed 
'satted,** and are from six to ten times increased in market value. 
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Sermukm/ Ftr/-r 

Aiiinutla which tire “suite*!” arc Imhlo t«) sub 80 (|ueiit attacks of 
fever which have no necussai} ivlatioii to fresh iiifuctmn. I have 
oliserved numerous coses of this (losciiptiun oniong tlie “salted” 
animals under my olisuivatioii and duiiiig iioiiuiis when the sickness 
•was unknown. 


nf till 

It occurs imder two fuims the Dikkop/iekte^ and the Dunpaarde- 
ziokte t In the foimoi the IumwI and neck h»c*lls up ununnuusly, thus 
afTorduig tiustwui thy indications of illness duiing life. In the latter 
form, as a rule, no symptuius apfiear until close to the pcwiisl of ileath, 
when the animal liecomes subject to veiy rapnl breathing with heaving 
at the flanks. At the moment of death, in lioth forms, it is common to 
find a huge cloud of white foam ojected ftoni the mouth and ilose. 
This foam is pnKluced from a free exudation of bliKsl plasma into the 
air passages 

Owing to the fact that the animals buft’oiing from the Dunpaarde- 
ziekte show no symptoms until towaid the end of the penod of illness, 
it had come to be belioed that the whole |>eMoil of the ibsoase wai> 
limited to a few hours’ duration. 

Po4-m<»t(m PheniiiiuHii - 

The pericanJium is almost invaiiably filleil with a yellow fliud 
which, while usually clear, is sometimes bliKKl-staiMod. Solidified 
gelatinous exudate is fi-equeiitly found in relation to the lieginning of 
the aorta. The pleural cavity is frequently occiqiicd by yellow fluid, 
and the interlobular and sub-pleural tissues are also frequently dis- 
.teuded by this material. The intorlobiiliu' tissue is fiequently so dis¬ 
tended by exudation that the lung tissue proper is dissected up in all 
directions. The subcutaneous tissue, especially alxmt the great vessels 
in the neck, is commonly foimd to be invaded by this exudation, while 
in the Dikkopsiekte the swelling of the hc.ul ami neck is rluo to this 
efflision. 

The yellow fluid of the pericaislium and the pleurm is spontaneously 
coagulable in the presence of minute traces of blood. 

These represent the more charactcnistic pathological conditions 
obtaining in this disease, among .which one characteristic is most 
noticeable by its absence, «.g., inflammatory phenomena. Pathoh^cal 

* Dikkopsiekte,* Datoh word uxoifyiDg *'thick.head liekneM," is applied to 
the tum in which the swollen head w the most obrious symptom. 

t Jhinpaardesiekt*," thin hone-siokness,'’ sj^iUed to the form in which tha head 
fk UtNa at not at all swollen. 
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phenomenH are, therefore, for the most part to be ascribed to the 
marvolloiu exudation of blixid plasma, which, while seen more or leas 
thrniighont the serous and subcutaueoiu tissiuss, is best marked within 
the thoracic cavity. 

In my annual reports as Director of the Colonial Bacteriological 
Institute I haie lefcrred to the morbid anatomy in greater detail. 

Inortilatm Ji i yw imentx. 

For the purpose of convoying to healthy animals the infection from 
those alieady sick three materials have lieen made use of, viz.— 

1. The yellow fliud from the tr.ichea of infected animals. 

2 . 'ITie yellow fluid fiom the porittinlium of infectorl animals. 

.3. The blood of inf(‘cto<l animals. 

The use of the hist two fluids has not always been successful in 
sotting up the diaeato, but fresh virulent blood has invariably proved 
siicee^ul. 


Mtthofh of Vsf oj lb( MaUmih mentioml, 

(«.) By subcutaneous injection. 

(ft.) By insertion of a soton, imprognaterl with the fluid, under the 
skin. 

(c.) By drenching, f.g., giving a ilose by the mouth. 

Sitei Sflccted. 

(rt.) Directly into the lung tissue by hypodeimic neerlle operating 
through the skin over an intercostal space. 

{b.) Into the subcutaneous tissue of the neck. 

(c.) Into the subcutaneous tissue of the flank. 

(d.) Intravenously. 

Any one of the channels selected is equally suitable, but the incuba' 
tion period is somewhat shorter when the mtravenous method is used. 


Pennd of Incuhaiion. 

When the malady is induced by the inoculation of 2 or 3 0 . 0 . of the 
blood of an animal which has died from spontaneous disease, a mean 
period of eight to nine days supervenes, after which the temperature 
begins to rise. The elevation is gradual, with remissions during the 
night» but attains to 106’ F., as a rule, before death, which usually 
occurs after four or five days of fever. 
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PrfifmihoH. of the I'n i/i. 

After having tr.uiBinittod the dihoase through a suecetiMoii of ammale, 
1 found it possible to preserve its virulence unimpaired tlirough a long 
period of time. 

I bleed the animals into Imttles nhirh hold 800 c c. of HuhI These 
bottles are piepued by placing in them BO c,c. of a 10 pei cent, solu¬ 
tion of neutral citr.ite of poUsh and plugging the necks u ith cotton 
wool. Such liottles ate sterilibod in the .lutucLivo pi g\ ions to use. 
After being filled with blood, the influeiiLe of the citrate arrests coagu¬ 
lation, and the cuipuscular matter soon subsides, loiivnig the mure or 
less clear plasma alxive The latter is drawn oft' to half the origitial 
bulk, and is replaced by a 60 per cent, solution of glycerine and watei, 
containing 0 25 per cent, of piite carbolic acid. Such a mixture 
preserves its viuilenco quite unimpaireil foi o\er two yeaib One o.c. 
of this material serves to induce the diseaso in its characteristic 'form, 
but if the dose is increased to 3 or .'i c.c, the penod of incubation is 
shortened, and the post-mortem phenomena aie less characteristic. 

From the observations I have made I have foimd that the siihcu* 
taneous injection of fresh or properly preserved horse-sickness blood 
produces symptoms duruig life, and shows pathological changes after 
death which are not to be distinguished fioni those found in the 
spontaneously occiuring cases of the lung foim of (ho disease. It is 
somewhat remarkable that the only cases in which I have succeeded in 
producing the Dikkop form were those in which the vinis which was 
used was somewhat septic. When, however, 1 have inoculated virulent 
preserved blood into'partially protected animals, 1 have in a niuuber of 
cases, although not in all, produced this form. In three cases where 
the vims used has been sufficiently attenuated as not to produce death 
but a longer febrile period than is foimd m ifio fatal cases, I have also 
seen the Dikkop form produced. 


Effect of Desuxaiimoit the /'tm. 

Citrated blood dried in a thick layer was rendered uon-virulent. 
Where, however, such blood was rapidly dried on gloss plates in very 
thin layers it Was found, when 2 grammes was dissolved in salt solution 
and injected into horses, that it produced fever, but not in a vimlent 
fonn.« The fever thus induced gave practically no protection against a 
dote of virulent blood at a subsequent date. Mild attacks of horse- 
eickneu do not, however, give such protection as is required to resist 
virulent blood. 
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ErprrimenUt made in regard to Fioferttve Inondatioo. 

The yellow fluid from the pericardiiun of an animal which had died 
from tho disease was filtered through a Pasteur filter. lOO c.c. of the 
filtrate was injected subcutaiiooiuly into a horse. Eleven days later it 
was inoculated with 3 c.c. of preserved blood injected subcutaneously. 
The result, which ciilminatod in death from oidiiiary horse-sickness, 
showed that no protective uifluenco had* lieen exerted by the flllored 
fluid 

Kffert of (\ihmul —This drug, in doses of 30 to 60 grains rbiily, had 
tlie effect ot retarding death, and tho blood of such animals drawn at 
periods later than that at which death usually occurs was distinctly 
weakened in viiiilonco iSuch blood has on several occasions, though 
not in all, induced attacks of the disease, from which the animals not 
only recovered, but acquired piotection against vindent blood injected 
suh^juently. 


Tianfeience of the iHvase to Mui Autiwil'-. 

(a.) DoiikeyK —Tho subcutaneous or iiitmveiious inoculation of 
donkeys with fresh virulent bloo<l is followed by fever. The period of 
unset IS irregular and uncertain, while the duration of the febrile 
period varies from one or two days to, in my expotience, a week or 
more. 

The amount of tho virus used has some relation to tho severity of 
the fever, but tho special susceptibility of tho animal is tho principal 
faotoi in deteiminiiig tho degree and duration of the fovoi. 

Two donkeys, etjual in age, were inoculated respectively with 1 c.c. 
and 60 c.c. of the same blood. In lioth oases a moderately severe 
reaction followed, and while the animal receiving tho injection of 60 c.c. 
was rather more severely aSbeted than the other, the differetioo on the 
whole was but sbght. 

Ill all I have inoculated twelve donkeys, and, while none died, the 
difference in susceptibility was most clearly demonstrated, some 
scarcely showing any reaction at all. 

(b.) Cattle .—The susceptibility of cattle to tho inoeulated disease is 
excessively vanablo. I have inoculated twenty-one cattle. A definite 
febrile reaction was produced in seven cases, and four died. 

In the case of one which died, and in which the symptoms produced 
wete quite charaoteristio of those found in horses, the inoei^^on of 
its blood into a clean horse was followed by the usual period of inouba* 
tion, the onset of fever, and death from charaotoristic horse-dokness. 

The disease known as Imapunga, which occurs to a limited extent 
am(»g cattle, presents features which in every respect are identical 
with produced in susceptible cattle by the inoculation of virulent 
horse-dfiknese ^lood. 
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(r.) Ooais .—Aiigora guata arc also to a limited oxtout auscoptible to 
horso-aioknoBS infection. Of sevontoen which were inoculated, a 
febrile reaction occttned in ton; noiiu dioiL From ono of tho ten 
blood was taken, which was usoil to inoculate an ox. Tho lattei 
animal dovelopod fever, and died with exactly oiniilar symptoms 
during life, and showed the same |)ost-muitem conduions as the ox 
already lefeircd to, whose bloiMl, when inoLultited into a hoise, pio- 
ducod charactonstic horse-sickness. 

(</.) Shrfp .—Sheop aie also Musreptililc Of ten which wore inocu- 
ktod, six shoved a veil marked fohiilo io<ietion, hut none died. 

I have nut huccoeded in tiansfuiiing the disease to lahhits, guinea- 
pigs, rats, or mice. 


Thf Tiimimtusum of th Distiu,) foi Piutfitin IiumuIiiIwh h>/ Mphv'- of tlw 
Inoiuhilwn of Fodi lUml 

llie inoculation of hoi sea with the blood of donkeys whiih were 
sufFuiiug from fever piotlucod by nioculatiou has liouii attondoil with 
most varying residts. 

In sumo cases death ku lieun piodticod, in some an iirogular febrile 
period, while in others no apjMtront losiilt has followed ’fho period of 
onset of the fever has hkeviso lieen most vaiiable In some cases a 
reaction has been sot up corresponding to the iioimal period of incuba¬ 
tion which obtains in horso-sickness, while in other cases reaction has 
lieen delayed for more than 25 days. 

Injluenre of the Jteaittuu fnodiinil 

Where fever has sot in on or almut the eighth day, lieen moderately 
seiore in degree and dunitioii, and snbbcijuontly subsided, a veiy 
definite degieo of protection has boon piodiiced, although seldom hig^ 
enough to sol up such a resistance as to oppose death when the animal 
was subsequently inoculatwl with virulent WixmI. 

A striking demonstration of vanablo siisceptihiiity among horses 
was fumishod during those experiments. Of three horses and one 
mule which were each inoculated subcutaneously with 6 c.c. of fresh 
blood 

The mule hod no reaction. 

Two horses had scarcely any reaction. 

' One horse had a good reaction. 

In ihe case of the last horse, when subsequently inoculated with 
Tirnlent blood it suffered severely and just managed to recover. The 
others had not been protected to any appreciable degree. Obviously, 
titerefore, the sosceptibility of the last animal had been such as to 
adntit of infectioa from the donkey’s blood producing reaction and the 
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eBtHblishment of protection, whereas the higher degree of insnseepti- 
bility of the other animalB rosisteil infection, and in this way evaded 
the onset of jirotection. This phenomenun forms the greatest barrier 
to protective ino( nlition, and has contiibiited to the enormous trouble 
I have experience*! in deiising a practical metho<l of piotective 
inoculation. 

The fresh infccte*! bloorl of cattle, sheep, and goats is still more 
variable in its results than that obUincil from the donkey, 

Numeious other e\peiimcnts ot the same nature have lieeii matle, 
all of which result in showing 

(fi.) That donkeys, oxen, goats, »um 1 sheep iMwess a very inegnlar 
sUBoeptiliility to the (h'lc.ibo. 

(h.) That the liloia! of donkeys which do not react may produce no 
effect when inoculate*! into the h*>rso. 

(e.) That the bloo<l of *lonkeyb which ha\o evince*! mixlerato 
reaction may pi*Kiuce intense leaction in some hotses and 
praotKatlly none in uthois 

(*f.) 'lliut a mild re.iction in the tlonkev fuinibhes no definite 
assurance as regaids the rc.(Ction which its blood may set up 
in hoi bus. 

Owing t*i the vaiublc quality of the infection possessed by infected 
donkey’s blo<i*l in the fiesh sUte, I experimented with blood taken 
from ilonkcys and oxen which, after having been rwxavcil, was pro- 
served in the manner alroa*ly describe*!. 

A large nnralier of expenments carried *)Ut by this means furnished 
the following results:— 

1 . Protection was only *>btaine*l whcie a definite amoimt of fever 

ha*l been pixaluced on sever.*! occasions, but unless the reaction 
was severe, the animal did not lesist the inoculation of 1 c.o. 
of preserved virulent blocsl at a later period. 

2 . The susceptibility of horses to such a weakened or attenuated 

virus varies enormously. Of two animals inocnlutod with the 
same dose of the same vims injected *liroctly into the jugular 
vein, one bod go*)d reaction, the other very feeble. Neither 
wore found to bo protected when subsequently inoculated with 
vinilent blood. 

One inoculated wdth the same amoiuit of the same preserved 
material two months later *lied from the primary inoculation, thus 
showing that even the attenuated viius can be satisfactorily preserved 
for a considerable period of time. 

In tile ease of another animal which was inoculated intravenotisly 
with this virus no result followed. Fifteen days later the some inoco* 
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Intion was ropeatod. The temporatnro began to Ito elevated on the 
fourteenth dtiy, and it died of hoiso^ickness seven days later. The 
primary inoculation in this case, while being inu<lectn,d to induce the 
disease, had evidently lovoiwl the suscejitibihty, fw that a fi-esh 
stimulus, by the same viins, was siifficicnt to overcome the resist¬ 
ance entirely. 

Having recoginsLsl that the bluiMl of ainni.ils which lived beyond 
the oitlinary poiiod .it which horsob usually ihe from horse-sickness 
was lowered in \iiu1ciiee, I determined to .ittempt to produce this 
change la ttho. 

Having, thcrcfuie, prepaicd liottles lontidtiiiig citrate solution, and 
having thoroughly sttuiliaeil them, selected .inimals were ble<l luider 
the moat rigid aseptic maiugemcnt, and the blood recoivetl in the 
liottlus which, after Wing lepluggod, were infub.itcil ‘it a temperature 
of 102 F during ton days. In one such expenment, out of a total of 
fourteen Ixittlos, thiiteen icmained pcifectly free from extraneous 
organisms. Such blood after inculiatiun was then preserved and 
testeil 

I found, 111 this manner, that it was possible to pnxluce an atten¬ 
uated virus equally siutible for inoculation as that obtained from the 
donkey or the ox. 

WhUe, however, these experiments domonstiatcd that it was possible 
to protect horses by lepeatod inoculations oi .m attenmitetl vims, they 
equally demonstrated Ihe irregularity of action, owing to the varying 
susceptibility to the disease in its attenuated form which obtains 
among horses. 

Several important facts, however, which wore elucidated, aie deserv¬ 
ing of careful consideration, riz..— 

Death in cases of horso-nckness cannot directly be ascribed to 
hyperpyrexia, inasmuch as several horses have recovered after having 
experienced temperatures of over 107 F.,* while others, which have 
died, and, in which characteristic lesions have Iwen foimd, have not 
had a temperature exceeding 105 F. 

Protection can lie arriveil at without the pio»luction of very great 
reaction, provided that a numlior of inocnlations are made into the 
fmitnal, and that those have lieon so arranged as to proceed very 
gradually to the highest degree of virulence. 

3. It is exceedingly difficult to determine the exact degree of 
attenuation in any particular sample of an attenuated virus. 
I have usually attempted this by the iuocnlatioa of the virus 
into one or, at most, two horses; but if the susceptibility of 
such animals happens to be of a low grade, then the reaction 
produeed may not obtain in other hoi^ for which it 
may sobiequsntly be used. In other words, to determine 
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exactly the strength of an attenuated viiua it would lie 
neceestirv alw lya to make the test on at least hve animals 
4 The indication for future expeiintent ition w is thus to call for 
the discovcij of some method by which a viius of staucUrd 
vimlonce might le at will reduced to inj iwiiurod degree 
of attenu ition 

Ixpeiiments urie ilso m ulo to determine whether the blood of an 
ammal suttoniig from secundaiy fever hwl inyinfoctno property 
To this end animils imdei secundatv fmei with tempeiatiiro 
as high as 106 1 were bled and the blood usul to inoculate clean 
animals, but in no cue was any uaction produced theieb} I there 
fore am convinced that the blood during second ii} fivei is nun 
infective 


bjcitnmnU vtth ')iim ml Jktibnnatti Hhtd f in il uhhhiif 
lem flfiomllm uch 

The cx]ieiiment8 mule have included seiiun denvod fiom— 

1 Amin via formctly salted 

2 Animals formerly salted and sultsequontly leinoculated by 

periodic uijoctions of grulually incretsing doses of vinilent 
blood, the maximum dose being 1000 o c 

3 Aiumals treated as in Clause 2 but subsequently poimitted to 

rest for soveial months and then lomoculated vnth v small dose 
(5 c c) of virulent blood 

Under the first cliuse, serum was obtained from a well‘ Balte4'' 
ammal which had been twelve days previous to bleeding, nocuM^ 
with 0 c c of preserved vinilent blood 

Ammals which were moeidated with 2 c t of virulent blood were 
subsequently inoculated with Urge doses of serum (100 cc or moie) 
The inoculations, m some cases began on the day that viiulent blood 
was injected, m others it was delayed until the temperature began to 
rue, but although the total amounts given exceeded 1000 c c, no 
definite interference with the course of the disease was uoticeable 
Under Clause 2 ‘ salted aiumals were inueulated with progressively 
moreasing doses of virulent blood Mhon these amnuds had been 
inoonlated with doses of virulent blood equal to 1000 c c they were 
allowed to rest for eight to twelve days, after which they were bled 

Of this setum, 500 co was inoculated at one dose mto a horse, 
which, during thirty three subsequent days, manifested no signs of 
illness due to the mooulation liVheD thu penod was complex, it 
was inoculated with virulent virus and as a result died oioharactenrtio 
hoTSMioknesB No evidence was dlown tiiat the serum hid m any 
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interfered with the nctinn of the vims Where howoior, thii> 
aenim was need to inoculate ummils which weio alioidy infected, <t 
very cunoue change m the character of the disease oocurrul 
The iiumds Itecime afTccted iUiUill> in thi tysiv hours with 
hanioglobinun 1 which liter pissed into hjimatiini md ended in 
vanihij fatally if the disease ww iiiulent In two cases how over 
uhite the diseise had tiecn induct 1 by iii atuiiuatod iiius, the 
hffiTnatuna came to an end with the sulwideiico of the feiti In all 
this cunons condition y, is produce I by scrum in nineteen c ises 

Where aium ils irc hied into citi ito solution the plasm i is of i 
yellou colour hni in cues which eitntually Wame the subjects of 
hiemitnna, I noticed if they were Hod ulxiut twenty four hours pre 
vious to the onset of this conihtion thit the pi ism i was red coltmed 
It 18 therefore evident thit the eoiidition h la its ongin in the hlootl 
In Boveial cases animals which wire pirtiilly piotected, liecamo 
subject in a slighter degree to this (ompluation if thoy were re 
inoculated with vimloiit HoikI and were unable tj resist it 

rhis blackwater m ly hvve some rchtiou ti the black water fevei in 
man It is generally believed in Khodesi i th it blackwater does not 
occur as a primary chsordei but only supcnoncs m poisons who have 
previously been the victims of malanil fever 
It seemed to me th it this serum might in some way bo associated 
with a residual infection To determine this I inoculated a “ salted ’ 
horse, which hud also had repeated large injections of viralent Mood, 
with 90 c c of fresh blood I bled it eight days later and with 6 c c 
of Its blood inocuivted a clean animal which thereafter had a very 
slight rise of temperature on the eighth day 
An animal similaily treated was finally inocuivted with 300 oc 
injected intravenously and 20 c c suhcutaneonsly thirty nine days pre 
vioUB to being hied When bled the blood was defibnnated, and 
100 c c was injected into each one of six animals No evidence was 
shown of any infectmty of the Mood 
I now detei mined to make use of the serum from animals which, 
under Clause 3, had been allowed to rest for penods over one month 
previous to the lolioctiou of thoir serum 
This serum is that which is now being used for the purpose of pro 
teotive inoculation 

Z have determined with regard to it— 

1 It possesses no curative action which m pnetica wrould he of any 
avail to restraui the course of the disease 
3 Since an injection of 100 cc, into one animal has absolutely no 
rffcot in restraimng the action of I c t of ordinary preserved vxrua 
iBooulatad ttubcutaneously on the other side, it does not possMs anjr 
immunising powsr which would be of practical value m withstanding 
mleetion 



302 Mr. A. Edington. Sovtih African Horse-sieJenm: 

3. Its germicidal activity is extremely weak, as is shown by the 
following experiments 

(«.) 1 c V. of fresh i indent blocxl was mixed with 100 c c. of sonim, 
and after being kept for twenty-four hours in the ice chest 
was inoculated into a clean horse. The animal had a shaip 
fclin'le reaction. 

(/».) Another animal was treated in the same way, Imt the serum and 
blood uas injected immediately after being mixed. This 
animal also had a leaitioii, but less severe than the former. 
Variation of susceptibility must of loiirso lie taken into account, 
and, in order to establish this conclusion satisfactonly, a con- 
snleiable number of animals would reipiiro to have boon simul¬ 
taneously dealt with. 

(r.) Equal volumes of sonim and preservwl blood wore mixed and 
kept at ordinary room temperature for four days. Of this 
mixture, 2‘5 cc. was injected subcnUneously into a_ clean 
animal. Fever sot in after the usual perioil of iiiculMtion, 
pursueil its characteristic course, nn<! the animal died under 
eirciunstances and in the usual time which obtains after the use 
of pure 1 iridout blooil. 

Since 1 c.c. of vinilent blood mixed with 100 c.c. of serum pro¬ 
duced a sharp febrile reaction in one ummni but had practically no 
effect in some others, and since 1 c.c. of blood and 300 c.c. of svnun 
produced a reaction in another animal, it was clear that under this 
method also I should have to meet (bfforcnces of aiumal suscepti¬ 
bility. 

It was so far fortunate that preserved i indent bloo<l acted equally 
well as fresh blood, so that a standard vii us is easily prepared and 
maintained, and by mixing the sonim of a considerable number of 
animals I am able to standanlise a large volume of serum. 

I concluded, therefore, to determine the amount of serum which, 
when mixed with a definite amount of blood, would serve, acting in 
concert with the natural protective bodies in the system of the average 
horse, to ensure the production of the mwbfied disease. After fourteen 
days shoidd have elapsed subsequent to this inoculation, provided a 
severe reaction was not set up, I inteniled to re-inooulate with the s*"ie 
dose of virulent blood, but with a much rodnoed quantity of serum. 
Again, after fourteen days, the procedure should be repeated, the doso 
of virulent blood remaining a constant quantity, but the dose of serum 
being still further roduc^. Finally I intended to inoculate with 
virulent blood by itself. 

In the first throe series of experiments sixteen horses were used. 
Theee were inoculated as follows;— 
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iBt Inoculation 1 c.c. \iriu and 100 c.c. serum (10 animals). 

1 C.C. „ 90 C.C. „ (4 animals). 

O'-’) C.C. „ 50 c.c. „ (2 tinimalii). 

{ A blight variadou 
of the quundties 
mu made in 
several cases. 

4th Inoculation 0 cJc. piuo prosorvod ^imlent hlootl 

The following shows the lostdts uhtiiiiod, and whciu the remark 
“ sidttid ” 18 made, it is to lie understood that tlie animal has, at later 
dates, withstood enormous doses of the most vu ulent hlooil. 


Animat. Heaotion KetuU. 

Ist. No reaction at all Salted. 

2nd. Reaction to 1st only . „ 

-SnL No reaction . „ 

4th. Slight reaction after all four .... „ 

6 th. Reaction to 4th . Died 

6th. Slight reaction to Ist.. 

7th. No reaction . Salted 

8th. Reaction to 4th . Died. 

9th. Blight reaction to 3rd; after 5th... „ 

10th. Slight reaction to 4th . . Salted. 

11th. Slight reaction to 4th. „ 

12 th. lieaction to 6th. DiccL 

13th. No reaction . Salted. 

14th. Reaction to 5th. „ 

10th. Reaction to 4th. „ 

16th. Reaction to 4th. „ 


In the next experiment seven animals were used, which were inocu¬ 
lated as follows:— 

Inooalatiotu 

1st 1 c.c. virus and 100 c c. serum. 

3ndL 0'6 c.c. „ 26 c.c. „ 

8rd. 0-6 c.c. „ 10 c.c. „ 

4th. 0'5 c. 0 . „ 1*5 c-o. „ 3 had 0-5 c.c. pure virus. 

The results were as follows:— 

Aaimal. Bwirtion. BmuIU 

1st Slight reaction to 6th . Salted. 

Snd. „ „ Srd and 6th. „ 

Srd. No „ 4th . After a large dpse of pure 

virus, dM. 
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AiiiniHl 'Rruction. Bnult, 

4th. Slij 5 ht re«iction to 2nd Halted. 

&th. No „ 4th . After a large dose of pure 

viriw, died. 

tith. Slight „ 2nd Halted. 

7th. „ „ .‘Jrd . 

Xofr - Where “ Bth ” is mentioned, it referti ,o a dose of pure virulent 
blood. 

Tot<il .inimalH moenlated . 23 

„ „ diorl. 9 

„ „ 8.dtod. 11 

The tests thus .ipjilieil h.ave lieeii of the motit severe character, and 
despite the fact that these are only of the value of preliminary experi¬ 
ments, the lesnlts are extremely satisfactory. 

Obviously animals have liecn sacnfiood which, under altered methods, 
might have liooii saveil, for the outcome of these inoculations goes to 
show that, luiless some reaction has been produced during the earlier 
reactions, there is no certainty tliat un animal is protect. Nevoi^ 
theless it is equally prove<l that some have become highly protected 
without having shown any reaction at all. 

The indication, therefore, has lieen to increase the dose of the virus 
used in the primary inoculations, oven at some lisk to the more 
siiBceptiblo animals. 

In a subsequent series of animals this has been carried out in the 
following manner:— 

Ist. Inoculation 2 c.c. virus and 60 c.c. serum. 

2 nfl „ 2 c.c. „ 20 c.c. „ 

Twelve animals have been simultaneously inoculated in this manner. 

The reactions produced have been os follows •— 

Animal. Irt Inoculation. 2n(I Inoculation. 


1 

None. 

None. 

2 

Hlight. 

Slight. 

3 

„ 

„ 

4 


Severe. 

6 

Slight. 

None. 

6 

„ 

„ 

7 

Severe. 

Slight. 

« 

SH^t. 

„ 

9 


„ 

JO 

Slight. ‘ 

„ 

w 


None. 


„ 

. Severe. 



its Pathology and Metimh of Pivti-iiin LiorvMioit. :’i05 

Since one animal, after the fitat inuculatinn, had a severe leactioii, it 
ia evident that the limit of Htieii^h, eoiisisUmt with aafoty, h.Ml lieen 
reached. The roactiona, in the two lascs, after the soound, were 
extiemely sovoro, and indimto that the himl of stiengthof viina for 
th.it inoculation hod Ihhsi alight!} e\(ceded, if a widesjiread sohemo 
of operation had liocn ntendisl to he elined out among .iniuuls in 
the open 

These lesults would '.eeni to nidu.ite lii.it toitified seniiii, i i), that 
obtained from animals which, altei “s-illiiig,” h.i\e been leiiiotulatod 
with large doses of Mriis, excitsa peitili.ii and detinite .iclion on the 
ni us. 

While, however, 100 c.c.of sciiiin sulliies to preient 1 e e. of virulent 
hlood, when mixed with it, producing .iiiy gre.at elevation of tera- 
poratuio, T have referreil to a ease in wliiili a seiere leaetion was 
produced. Since, in .inothor east*, 200 e.e. of the s,imc seium, with an 
oipial amoimt of iiuilont blood, w.is tollowcd by a reaction and a 
definite amount of protection, it is eiident tliat the difTetenco in 
suHceptibilitv betwocn the latter anim.ti and those whieh raut slightly 
aftei 100 c c. of seium and 1 e.e. of vinilent bloml is equal to 100 e c. 
of foitiliod serum. Moreover, ns .dieiuly shown, when the virus is 
attenuated by its passage thtuugh less busceptiblu animals, such as the 
donkey or cow, its effect, when used in the same dose, either by sub- 
eutaneous or intiavenoiis injection, x.iiies leiy gieatly in different 
aniuuds; in some produang no evident ie.i<'lion, in othuis setting up 
some fevei ; while, again m othoib, its use was follow ml by the onset 
of the virulent diseuho leMiItiiig in de.ilh 

If, therefore, the admixture ut scnmi with iiiuieiit lilooti is followed, 
(III inoculation, merely by a modified foim of the (biusisc, it must be 
concluded that the serum, of itself, cannot lie ci edited w’ith this result, 
but that a peculiai quality, existing in the Miiuual Imdy, and varying in 
amount from animal to animal, must play ati im{)oitant part. Whether 
this piiiiciple is a simple body, or is a combination of seveial, cannot at 
this moment be determined, but for convenience’ sake I would suggest 
that the name “ Antagones ” should bo applied to it. The term need 
not be takeu to imply either on antitou’o or geimicidal laxly, but 
merely to denote the “ defensive’’propei ties which are already existent 
to a greater or leas degioe in all animals, or are pi educed or increased 
imder special stimulation. 

Since thoroughly “ salted ” animals and donkeys cun be roinoculated 
and iiifeotdon proved to exist in their blood for at least ten days sub¬ 
sequent, 1 am inclined to look upon the protection existing in '* salted” 
animals as of the nature of a “ tolerance," and to believe that true 
immunity, in horses, against this disease is never acquired. 
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“ Note on the Occunence of a See»l-like Fructification in certain 
Pala-o/oic Lycopoda ” By D. II. ScoaT, M A, BIlD., F.E.S., 
Honorary Keeper of Uio Jotlrell Laboratory, Koyal Gardena, 
Kew. llcceivi'd Augiiat 21,1900. 

It has generally ]>ocn asbunn'd by palieobotanists that the fossil 
seeds desenbed hj Wdli<imBon* under the name of Cunlmtuipon, even 
if not necossardy co gonoric with the ('nrdtoairjnis^ of Brongniart, at 
least lielouged to the same group of Gymnospennous plants.:} 
Brongnuu-t’b specimens, often proaorveil with marvellous perfection, 
have proved to Ikj the seeds of members of the extinct Order 
Cordaitea*, or of allied plants. The same conclusion applies to 
certain of the British forms, notably the Curdtoearpon anomalitm of 
Carruther8,S which was certainly Corilaitcan, and probably to some of 
WilliamHon’s examples. 

The specimens to bo shortly described ui the present note diow, 
however, that scud like bodies, identical with those iigmed by 
WilUamson under the name of (’aidwaipon atwmaluin,\\ voie Iwme on 
Lupidodendronl cones, otherwibc indistinguishable from Leptdodivhut. 
They thus prove that under the genus Caidiocarpon, and even imder 
the “species” (' aitomltm, totally different objects have been con¬ 
founded, namely, the seeds of Coidaiteie or Cyc^s on the one hand, 
and the integumented megasporangia of certain Palaozoic Lycopods 
on the other. The latter organs present close analogies with true 
seeds, but are wholly distinct in detailed structure fiom the 
Qymnospermous seeds above mentioned 

The discovery of the specimens of the new cone is duo to Messrs. 
J. Lomax and G. Wild, who recognised it as a CurdvxmponrheKiiag 
strobilus, resembling a IrpuhtxtKdnu.^ 

The original specimens, which are calcified and generally well pre¬ 
served, were derived from the Uanister beds of the Lower Coal- 

* " Orgsniiation of the Foaul PJsnta of the Cosl-meMuret,” Part VIII, ‘ Phil. 
Irani.,* toI. 167, Part 1,1877, p. 264 

+ FoundcH lu Brongniart'* ‘ IVodromo d’une Hutoire de* V<g^nx Fomles,* 
1828 Tiic form* Cardwearpon and Caritocarjnu have bean lued mdiaoiuiiiiiately 
by anther*. 

t Bee, for ozample, 8olni*-Laabacb, ‘IntrodnrUoa to FomiI Botany’ BngUih 
edition, p. 180. 

i " Note* on *oine Fo**il Plant*,” ' Oeol. Mag.,’ vol. 9.1878. 

I) Lot. ett., Part Vlll, Plate 14, flg. 118, and Plate 16, flg. 119, Part X, 1880, 
Plato 80, fig. 64. 'TheM figures are from ipeeimen* which I have oertotniy 
with the Lepidoitroboid fractifioation. Other* figured by Wiilianwon am of 
doubtfol nature. 

T See the note by He**r*. Wild and Lomax ," On a new funfienotjiFii hwHlng 
•teobaue,” 'Annals of Botany,’ Msieh, 1800. 
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measures, some from Hough Hill, Btalybridgo, others from Mouraide, 
Oldham. Niunerous sections were cut by Mr. Lomax aud Mr. Wild. 
A closely similar fructihoation occurs, at a much lower honzon, in the 
Burntisland bods of the Calciferuus Handstoiie Series. 

The strobilus is of the ordinary Lepulahhulm type. The cylindrical 
axis bears numerous spirally disposed sporopbylls, each of which con¬ 
sists of a long honzontal pedicel, expanding at the distal end into a 
rather thick lamina, which tin ns vertically upwards. 

Anatomically, the structure is also that of a UjiidnstiiAnig. The 
stele which traverses the axis has a narrow ring of centripetal wixid, 
and a large pith; the leaf-tiaco bundles which pass out to the sporo- 
phylls are collateral in strueture, and agree closely with those desonbed 
by Mr. Maslon in Lcjudotfrubiit Ohlhumius * 

The ligule is sometimes well preserved , it is seatoil in a depression 
of the iipjier surface of the sjiorophyll, at the distal end of the spo¬ 
rangium, and is thus in the nomnd position.t 

With one exception, the specimens of the strobilus are immature, and 
their tissues not quite fully dificrentiated. Those younger specimens 
bear sporangia which are essentially those ot a Lejwhittotm, A 
angle huge sporangium is seated on the upper surface of the hori- 
Eontal peclicel of each sporophyll, to the median line of which it is 
attached along almost its whole length. 

The sporangium narrows out towanU the top, and terminates above 
in a well-marked ridge, in general form it resembles Williamson’s 
UardimuijHtn uwiiialutn, but in the immature condition there is no 
integument. The outer layer of the sporangial wall has the columnar 
or paluadu like structure characteristic of J^pulo\lnilni>,, it is lined by 
a more delicate inner layer, which may Ins several colls thick. 

So fur the structure is simply that of a LrpuloiUiobui, with rather 
thick-walled sporangia. 

Within the sporangial oavity, the membranes of the megaspores are 
usually preserved; a single large megasporo almost fills the spo¬ 
rangium, but smaller, abortive spores, with thicker walls, are also 
present. Some specimens show that throe of these abortive spores 
were present in each sporangium. It appears, thou, that a single tetrad 
was developed in each megasporaiigiiun, and that of the four sister- 
cells one only came to perfection, constituting the functional megaspore. 

In one specimen, diMovered by Mr. Wild, the strobilus is in a more 
advanced condition. In its upper part the sporophylls simply bear 
sporangia, as above described, but low'er down in the coae these are 
Iroplaced by integumented, seed-like structures, identical with the 
detached bodies (»dled Cardvxarpon anoimUam by Williamson. 

* Msslen, “ The Stanutnre of Ltpidortrehu,” ‘ Tiwas. lins. Soo.,’ London, 
Ut. S, r<d. 6,1W9. 

i MmIso, ** Tho Lifule ia htfUortnAnt !'' Annsli of Botany,’ vol, 19,1808.' 
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Tho hti uctiire of this Htrohiliis w Rufliciently well prc'-oi vo«l to ehow 
thnt the nnatnmy of the axiH ngroo^ with that of the lose mature 
apeciniens, and, an the tisauon are more tomplutely formed, oxhibita 
the liopidostroboid charartera oven mono clodi ly 

Mi. Wild’n npecimon, then, demonatraton that the Ciudmrmjxm 
tivoiiMliiiii of Williamnun was liorne on a cone \\ ith all the charactern 
of a lAiiuhidiiihnx, and that it represents the m.ituiud londition of the 
megasjKnanj^ium and sfiorophyll. 

The doUihsl eomp,irison of apocinions iii the yonn{{ and the mature 
condition has shown the natm-o of the ihange, which converts tlic 
megatporiingium, together with its afioropliyll, into >i Heed like organ 
ThcnucolluR ot the latter retains almost iiiialteiod the stmctiiio of the 
mogasiioiangiiil \\<ill, with its columnar layer. In the sporangi.il 
cavity the sini'ie largo megasporo, accompanied by its aliortivo sistei 
c-ells, is picHCiit a« Iwfoie A thick integument has, how'uver, groiiti 
up from the hpoiopliyll, completely overarching the inegasporangiuin. 
except foi a nariow crevice left open at the top Wlieii seen in a 
Boction tangential to the strobilus as a whole, this crevice is cut acroan, 
and prosenth exaitly the appeal aiice of a luicropylo; in reality it 
difTois from a mnropyle in being a narrow slit, evtondiiig almiMit the 
whole length of (he spoiaiigiuin, in the radial direction, whereas the 
niicropylo of an oidinaiy t>ucd is a more oi less tubular passage. 

The integument spnngs from the upper mirface of the sporophyll- 
podicel; it docs not lonsist of the incurved margin of the pedicel, for, 
in the more distal region, the margin of the Inttoi projoeU consider 
ably lioyoiid the inscrtToii of the integument. 

From the frequency of detached specimena in the ('ttidiocaiym con¬ 
dition, it appeal s that in nature the sporophyll, licanng the integu- 
mentod megnsporanginm, was shed as a whole, though parte of the 
sporuphyll'lanuna no doubt perished, only ho much ^ing persistent 
as was necessary to form a complete envelope to the “ seed." 

In a strobilus associated with the seod-liko specimens, and bearing 
micruHponuigia, it was found that the latter, like the megasporangia of 
the female cone, are provided with integuments. This specimen was- 
figured by Mr. Moslen as a variety of L/'puUMtrobuf OWumxm* though 
possibly deserving specific rank, a determination with which [ tigned 
at the time. There is every leason, however, to suppose that this 
strobilus was a male fructification of the same species, the female of 
wliich bears the integumented seed-Uke megasporangia above deseribeil. 
The microsponuigial integument is more widiJ.y open than that of the 
m^taspurangium. 

The Burntisland specimens, which from their horizem are presumably 
of a distinct species, are at present only known in the isolated Vardio- 
fftt'pm condition. They are of interest for two reasons; in one «pe(4' 
• Mad«n, ‘ Structure of p, 871, Piste 87, 31, 
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men the ligule u clearly shown, enclosed by the integument, the only 
example of this organ, so far observed, m the mature, seed like stage 
of the fiuctification 

Another of the Burntisland specimens is the only one as yet 
observed in which the prothdlus is present * It fills a groat part of 
the fimctional megnspoie, which is almost co extensive with the spo- 
rangud cavity, and consists of a large celled tissue, resembling the pro- 
thallus of Itofles or Sflvjinflia The penpheral prothallial cells are 
smaller than the rest, but no archegonia could be detected 

The bodies described in this note resemble true seeds in the posses 
Sion of a testa or uitegumont and in the fact that one megaspore or 
embryo-sac alone came to perfection the seed like org in was likewise 
shed entire, and appeals to have been ludehisceiit In many points of 
detail, however, the leproductivo holies in question differ from the 
seeds of any known Qymnuspornis, they affortl no pi oof of the ongin 
of the latter Class from the T ycopods The newly discovered fructifi 
cation nevertheless shows that certain Pdeozoic Lycopods with strobili 
at first indistinguishable from Lepido4tobiui, crossed the boimdary line 
which we are aocustomod to draw between bpoiophyta and bper 
mophyta 

As these foasds appear worthy of generic rank I propose to found 
the genus Lqndofaipon for their reception, it may be biiefly 
characterued as follows — 

Lepidooarpon, yea not —Strobdus, with the characters of LfpdoUiv- 
hw, but microsporangia and megasporangu each surrounded by an 
mtegument, growing up from the upper surface of the sporophyll 
Megasporangnun completely enclosed in the integument, except for a 
«ht-like micropyle along the top A single functional megaspore 
developed m each megasporangium Sporophyll, together with the 
intogumented megasporangium, detached entire from the strobdus, the 
whole forming a closed, seed like, reproductive bodj 

It IS proposed to name the Coal measure form Lepulocmpoti Lmcaa, 
mid that from Burntisland L WUdvimm Both were included by 
’Williamson under his Cardwearpon anomalum, wbch, however, is qmte 
(hilhrent from the seed so named by Camithers 

A fall, illustrated account of these fossils is in preparation, and will 
shortly he submitted to the Soyal Soaety 

* 1 have nnee examinid a section, out by Vr Lomax from one of the Coal* 
measure speounous, in wbiob the protballu is ersn better preserved — AoU, midti 
Oofp)srS!,1900 
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“ Tlie Demarcation Current of Mammalian Nei\e (Preliminary 
Communication ) I The Demarcation Current of Mammalian 
Nerve" By J S Macponait BA T II C PE, Umversity 
College, Liveijiool, Eeseaich Scholar ot the Britioli Medical 
A&HOCiation Oommunitated h} Pioftssoi SiiEBRiN&roN, 
FRS Keteived July 28 1900 

1 A necessary preliminary to the stiulv of the (list ibution of the 
demarcation curieut and bource is an ezanmiatiuii of the character of 
the resistance of the particular not \ cs in a hich phenomena are oliserved 
The resistance per cm of the nerves exanunud—vagus, phremo, and 
sciatic neives of dog and cat, Ac, vines viith the neive and with the 
animal 


Vagus 

Hoise, 2000 ohms per cm 

„ 

Dog, 12,600 „ 

„ 

Cat, 31,000 , 

Sciatic 

Dog, 3500 

„ 

Gat, 4600 


the variations depending upon the character of the neive and preeum 
ably of the individual fibres, upon its sectional area, and probably 
upon intrinsic differences between the average salt content of the 
tissues of different ammals 

But takmg any individual nerve the estimated value of the resistance 
per cm vanes with the length of the piece, fiom the determination of 
the resistance of which the estimation is made 

Thus keepng one electrode at a fixed pomt of a nerve, the cross* 
section A, moving a second electrode fiom point to point, B, 0, D, &o, 
and measunng the resutance included between A anil these several 
o^er pomts, a senes of determinations of the resistance of various 
lengths of the same nerve are made From a knowledge of the length 
of the peoe and from this determination, an estimation of the resistance 
per om of the nerve is obtamed which is greater with each dumnution of 
length 


Expenment Vagus Nerve of Dog 


Ptsoe 

Length 

BesutsDee 

Beaiitwio* per em 

AB 

16 mm 

88,600 ohm* 

10,700 ohms 

AO 

SO „ 

68,600 , 

19, 00 „ 

AD 

60 i> 

86,000 , 

17,000 „ 

AB 

66 „ 

108,000 „ 

18.800 „ 

AB 

I 88 .. 

188JK)0 ,. 

18,080 „ 
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The oidculatod rouatttnce per cm u also considerably greater when 
the resistance is measured from one point on the longitudinal surface 
to another thin in the case in which the resistinco of a similar length 
IS t iken from the cross section to a point on the longitudinal surface 
and greater still than the icsistinre of i similar length bounded by two 
cross sections 

When thetofoio i knowlelge of the losistance is reqiured as a basis 
for calculati ins a cbiecl dctet mi nation of the resist incc is only of value 
when the nsistance is lepurel to v current ha\ing the same path as 
that used for the measuununt of nsistance 

In any other case is when the friction of the longitudinal re- 
sistance corresponding to a fi iction if the length of the nerve is 
reqiured it is bettor to use a c ilculited \alue than the laliie of the 
directly determined resistance Ihis calculated i line is best obtained 
from the resistance per m of the longest avail ible stretch of the 
none 

♦ * * s ♦ 

2 If a point on the longitucbnal sutfoce is connected to the cross 
section through a pair of non polansable cloctiodes and an outer wire 
path and a current is found to tiavorse the cir uit so formed then the 
current can not only be found in the outer vire path by means of a 
galtanometer placed m it but can also lie followed in a return direc 
tion in the nerve travelling in Uie opposite diuctiou fiom the oroea 
section to the longitudinal surface by moans of the new differences of 
potential whuh the formation of the outei ciicuit iimnebately eetab* 
lishea in every intervening point of the nerve 

This IS true when any arbitranly selected point on the longitudinal 
surface is connected to the cross section In each case the return current 
through the nerve is found established as a new phenomenon, due to 
the closure of the outer path, and is exactly the current due to the 
action of a source of E M F of the value determined as the potential 
difference between the point on the longitudinal surface and the cross 
section in a circuit of the resistance found 

A rpenmeni —Fagtu Nenr if Cat 

The nerve was excised and laid upon four non polansable electrodes, 
A, B, 0, D The cross section was at A the nerve stretched a snudl 
(fistanee beyond electrode D, and was suspended to the wall of the 
taoist chamber by a silk thread 

Ttie potential difference (so called) between points A and D was 
dstsTfun^ as 000713 volt 

potential ddbrence between the two intermediate pouits B and 
0 was sgro, the pomts beug eqmpotentaal 

Bdnts A and D wegre now pmoanently connected throogh the 

3 A 3 
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reaistanco of a pair of non-polariaable electrode* and a wire joining 
them, forming in all a circuit of reiistanco 130,000 ohms. 


Nerve AD.12R,000 ohms. 

Electrode* .» 7000 ohms. 


The length of nerve AD = 43 cm. 

„ „ piece BC = 1 8 cm. 

The “ calculated value ” of resistance B, C - 54,000 ohms. 

The value directly detormined = 63,000 ohms. 

After closure of circiut A, D, the intermediate point B, nearest to 
the cross section, became “ + " to the mote distant intermediate 
point C, which was “ - ”. 

The value of this difference was 0 0028 volt. 

If in this oxpoiiment it is assumed that, (1) the only source of E.M.F. 
is that found and measured ns the potential difioronco between A and 
D, 0'00712 volt and (2) that the path of the current U the simple one 
of nerve electrodes and wire, t.e., the path through the nerve » simple, 
and not divided into two seta of resistances carrying a current in 
opposite directions (circuit completed in nerve itself) * then a different.e 
of potential should be found between points B and C of this path 



- 0 00284 volt, 

and this is practically the value actnally found. 

In many similar experiments which have been performed, this 
agreement of value found and value calculated has been found to hold 
good within a small limit of error, entirely owing to an alteration of 
the E.M.F. due to the cross section and to the lapse of time taken 
to perform the experiment. 

When there is a preexisting difference of potential between the 
points B and C, this difference subtracts from the newly-acquired value 
due to the elosuro of the dreoit A, D, and the value actually found 
is the algehiaical sum of the pre-exiating and the newly-acquired 
difference. 

Since a pre-existing difference between B and C is the source of the 

longitudinal current^* the last pmnt in the above statement is con¬ 
sider^ of importance, as tending to show that the souroe of the 
demarcation current and that ci Ae longitudinal current esh he 
so separsble as to oppose one another in a otmveniently arranged 
elrcoit 
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S Similar expenmenta show that the closure of a circuit for the 
obserration of a lotigtiudtml eurreni also gives rue to similar changes 
of potential lu the mtervoning stretch of nerve 

Similar ecpenmcnts show that the closure of a circuit for the obser* 
vation of antlt tr i tv fur ent affects the potential of every mtorren 
ing point m the s imo w ly 

So that if a path joining two pomts on a nerve is found to be 
carrying a cunont whether it be demarcation longitudinal or 
electrotonic this current can be traced in the longitudinal axu of 
the nerve making use cf its gioss longitudinal resutance and not 
interfered with hy cui rents from any other of the possible sources of 
E M F, discovero 1 1 y the determination of pre existing differences of 
potential of intei veiling points None of these sources are brought mto 
action BO as to affect a curient in the longitudinal axu of the nerve 
until an additional o iter circiut if non pol uual le electrodes and wire 
u formed for them they then it once aro brought into action and 
add to or subtract from the original 

« * « t * 

4 Long stretches of mammalian nerve—vagus scutic and phrenic— 
of about 10 cm lo ig have been taken and Imd upon an ebonite scale 
The E M h 8 aviildllo Ictween either cioss section and the points 
distant 1 2 3 4 <!lc cm /or» one enf have been systematically 
measured and fiom the measurements curves obtained with the nerve 
u abscissa and the ordinates the F M h lietwten the immediately 
underlymg point of longitudinal surface of the nerve and the cross 
section 

Whatever bo the difference between the F M F s duo to the two 
cross sections (in some cases a difference of height of maxima o 
0 006 volt the lower one e q being 0 002 volt the liigher 0 008 volt), 
and whatever le the peculunties of the cuives they are notwith 
stuiding the difference of level parallel for the greater portion of their 
extent The curve due to the available force between one cross 
section and the longitudinal surface repeats all the maxima and 
n nniina of the curve due to the other cross section at a different 
level, the relations between the mayi ma and minima being preserved 
unaltered 

Such a condition of affiurs u roost readily explained by the assump¬ 
tion Uiat the detennination of E M F between a pomt on the longi 
tudinal surface and the cross sectioa u always the determinafaon of 
tills a^braical sum of two opposmg forces, one acting radially at the 
point on the longitudinal surfa^ and one at the cross lOotiott aofuij^ 
fn the longitudinal axu of the nerve and that tihe radlah force 
vwsatts the same at a point of the longitudinal surface, whereas there 
hwy he imd usually is a difference hetween the two longitudinal forces, 
^ M eech erou section 
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6. Selecting one orois section and •yatematically measuring the 
E.M.F. available between this and points cm the longitudinal siiriace, 
drawing a complete curve (foioc diagram) at regular mteivals of 30' 
between each curve, the levels of the curves fall with diminishing 
rapidity, and a gradiuil change occurs in the form of each curve. 

After the nerve has liecn removed some hours from the animal, the 
maximum KM.F., the bghest point of the curve, may have sunk to 
one-tenth of its original value. If now the nerve is taken and placed 
for a short period (hvo minutes) in tap water, a maximum E M F. is 
obtained considerably greater than the maximum obtained from any 
point of the same nerve when freshly removed fiom the recently-killed 
animal. If the value of the demarcation source is taken as an index 
of the condition of the iieive, then a rejuvenation has taken place 
with the unmet Sion m tap watei. 

This increased value remains for some time, the curve being of not 
much different form, and the rate of fall of level being similat to the 
rate of fall from the original maximum. If the nerve be left in tap 
water for twenty-four hours, a demarcation current, a difference of 
potential between each point on the longitudinal surface and the cross 
section is observed, giving a curve very similar to that obtamed after 
the first immersion in tap water twenty-four hours previously. 

If one waits after the death of an animal until ngm mmtw is com¬ 
pletely established, and a nerve be then removed, only a small fance 
of demarcation current is obtainable fiom it, and the curve of E.M.F. 
due to a cross section is at an exUomely low level If now this nerve 
is left for a short period (five nunutes) in tap water, a maximum 
E.M.F. is obtainable from it higher than that obtained from the fresh 
nerve of the recently-killed animal, and as high as that obtained after 
the immersion of the fiesh nerve in tap water, and thwe is no marked 
difference in the form of curve (force (hagram). 

If a nerve is removed at once after the death of an animal, and the 
E.M.F. between a “ maximal ” point and the oroee section is taken 
(1) immediately (2) after a short immersion in 0*9 per cent saline, 
then it is seen that the 0'9 per cent, (normal) saline has diminished Uie 
E.M.F. If the nerve be now immersed in 0*46 per cent, saline the 
origmal value is returned, and is increased by a further immersion in 
0*3 per cent., 0‘2 per cent., O’l per cent, saline solution, each furtiier 
dilation increasing tiie E.M.F. A return of the nerve throu^ the 
series diminishes in each case the KM.F., to be renewed by a sub¬ 
sequent return to the weaker solution. 

Hie maximum effect is obtained by the action of tap water, and 4 
vmy considerable reduction this maximum is obtained by a sub* 
aeqoMit immmion in O'l per omt. saline, to be followed by a return to 
the maatiniwm with a return to the tap water. 

21br« h M asy eririeid jpeiaf fMrIjap As s^porofioa jMitjHa 
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jfimonma, me a funrhm ef the eondUum of life of the nerve and the other 
a jhytual phenomenon domnatri ly the taU content of the nerve and capahle 
of contmmtum Ung after its death 

* * * * * 

C If a number of threa Is are twisted together to form a rope and 
the rope laid upon two nrn pilariaablo electrodes of the usual type no 
current is found between the electrodes if the thiead rope is previously 
unifomily wetted «ith a sahne solution or with tap water If on 
such an uuiformlv wetted lupc a diop of saline sr lution of a different 
concentration is pi iced it a point closer to one electrode than another 
a current is found in the ciiciut uid i souice of F M h qmte 00 m 
parable in talue to the maximal \aluc of the demai cation source of 
a nerve A drop of the same solution placed upon 1 coi responding 
point of the rope nearer to the other electro le may reduce bring to 
sero, or reicrso this diderence of [totentiil 
This phenomenon is ptesumtbly due to the upsetting of the balance 
between the osmotic processes takmg place in the two non polansable 
and ‘ similar electrodes 

* * * » » 

7 The close association of the value of the demarcation current 
with the salt content of the nerve suggests a similanty between the 
experimental phenomena observed in the thread and in the nerve, and 
the causation of the demarcation current of nerve us due to a balance 
between two unequal osmotic piocesscs one at the cross section and 
one at the longitudinal surface 

* « * « * 

The expenses of this research have been partially defrayed by a 
grant from the Bntish Association 


Die Demarcation Current of Mammalian Nerve (Prelumnaiy 
Gommumoation) II The Source of the Demarcation Cur¬ 
rent considered as a Concentration Cell By J S Mac¬ 
donald BA LRCPK Umversity College Liverpool, 
Boearoh Scholar of the Bntish Medical Association Com- 
mnmeated by Professor Shkkbinutok, FBdb Beceived 
September 25,1900 

The changes produced by the actum of tap water upon the nerve 
hav«k m the mteml, been more oka^y studied Bml uding altmations 

<4 RM F. they are w foRoTs — 
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r(a) wei^t. 

An increase of < 

I frigidity. 

V.(d) elasticity. 

A diminution of 

L (o) conductivity. 

Thus a piece of sciatic nerve (cat) examined before and after an 
mersion of 20 minutes in tap water:— 


Weight in grammes. 

Length in centimetres . 
Resistance in ohms . 


0-237 


14,200 


After. 

0-317 

6-4 

18 , too 


The general condition is known, and has been previously described 
as “water ligor”; a similar change produced by the action of water 
upon muscle hits been found (see Fletcher*) to be unattended by the 
chemical changes accompanying other forms of ngor. 

With (he exception of the change in conductivity, all the changes 
are rapidly developed, reaching their maxima within an hour after 
immersion in water; they may remain for days in an approximately 
maximal condition, but are at any time abolished by a short immersion 
in 0*9 per cent “saline.” The change in conductivity is a much more 
gradual one, as is well shown by the details of an experiment. In 
the following experiment the appearances of ngor were fully de¬ 
veloped within the first hour, the available E.M.F. had also risen to ita 
maximum (0-027 volt as contrasted with the initial value 0*018 volt), 
whereas the nerve still retained 70 per cent, of its original con¬ 
ductivity. 

ExperimerU.—Sciaiie Nerve of Dog. 

Length of piece used, 0 cm. 

The initial resistance having been measured, the nerve was placed in 
tap water (1 litre) from which it was removed eveiy twenty-five 
minutes for re-examination. 


• jTonnul of Fbynoloiy,’vd. n, i. ii, 8S. 
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In tormi of tho 


Nerve at first .... 

In ohmii. 

. 15,900 

ongiiutl u unity. 
100 

J hour . 

1 . 

. 20,400 

1-28 

.. 23,100 

1-46 

U. 

.. 28,800 

1-81 


39,800 

2 60 

. 

;i „ . 

. 61,100 

3-21 

.. 64,900 

3-46 

.‘li 

. 61,000 

3 84 

4 „ . 

.. 88,700 

5 68 

* * 

* 

* 

24 hours. 

.. 307,500 

19-34 


The condition of rigor is most completely pnxluced by the action 
of water, but in idl the characteristics observed differs only in degree 
from similar conditions produced by dduto saline solutions, e.y., ,0‘6 
gramme per cent. NaCl solution. 

In the latter wo get the same increased rigidity, weight, length, &o., 
as also the rliminution of conductivity; all of these, however, are found 
to a smaller measure, and are much less persistent. 

Although not provided with the evidence of direct analysis, it seems 
very reasonable to assume that both the extreme and the lesser varia¬ 
tions, as judged by the character of the changes observed, are to be 
explained by the occurrence of “ osmosis " and “ diffusion”; and that 
in the extreme case, the nerve continues to acquire water until a very 
considerable internal pressure is produced, thereby causuig the extreme 
changes of form and elasticity, whereas the conductivity is gradually 
diminished through an increasing loss of electrolytes by processes of 
diffusion. 

It is worthy of note that the appearance is quite different in cha¬ 
racter and degree from the slight rigidity change which ordinarily, in 
nerves, follows the death of an animal, and that it can be produced by 
a short immersion in tap water in a nerve removed from the body of a 
“several days dead” dog, or in a nerve which has lain for days in 
saline solutions, and therefore is in no way dependent upon the Hviog 
state of any of the structures of the nerve. Finally, as a minor proof 
that it is not produced by the precipitation of globuUns in the nerve, it 
is completely and at once abolished by immorsion in a saturated solu¬ 
tion of magnesium sulphate. 

* * • < * a 

The graduated character of the changes produced and their jparaM- 
im the graduated ooneentration of the eolations has been cate- 
liriQiy followed ont; lor the sake of brevity, however, data are dven 
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here only from tiie three experiments vhich seem to determine the 
strength of the isotomc solution as showing a minor degree, an absence, 
and a reversal of the condition. 


Ejfpeivneni A.—Srwtw Knie of Vat. 

The nerve was examined (A) at once, and 1, 2, 3, &c, after succes¬ 
sive immersions of ton minutes’ duration in a 0 6 gramme per cent. 
NaCl solution 










A. 

(1) 

(8) 

(3) 

(4) 

(6) 

Obmt . .1 

10,200 

82,600 

81,200 

80,000 

20,600 

2->,700 

Volta .. 

0*018 

0 083 

0'080 

0-016 

0 1 IS 

0 on 

GMmmes.. ' 

0 207 

0-21.8 

0-281 

0-227 

fl 23S 

0 286 

Centunetrrg 

1 

4 0 

6 1 

6 1 

l> 1 

5 1 

4 1 


An error is evidently introduced into the measuieraent of resistance, 
if we wish to consider the resistance of a cylinder of the netve of con¬ 
stant length and cross section, by the increase in volume attending 
the increase of weight. 

Failing an actual determination of the area of the cross section, or 
one of the volume from which it might be directly obtained by 

dividing by the length, the value of the weight found in grammes has 

been treat^ as volume in cubic centimetres, and used in this way. 
The error introduced by a neglect of the specific gravity is not, in tJhe 
case considered, appreciable. 

The " specific resistances ” for unit length and cross section found in 
this way from the figures given are— 

A. (1.) (8) (8) (4) (6) 

les I 184 I lt» I 188 I 184 I ISSolmu 


Eeperimmt B.—ScuUw Nerve of GtU. 

The experiment was in every way similar to the last, with the single 
exception that the solution used was an NaCl solution of 0*76 gramme 
per cent 


Ohmi .. .. 

Volta....1. 

grasHttM^.. 

A. 

(1) 

(8.) 

(8) 

(4) 

(3) 

80,700 
0 018 
0-810 
4 6 
805 

80,600 
0-018 
0-818 1 
4-7 

808 

80,800 
0-018 
0-888 1 
4-7 

808 

10,4 0 
0-017 
0-888 

4 7 

800 

18,000 

0-015 

0-880 

4-7 

190 

10,800 

o-(n4 

0-889 

47 

m 
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ExpenmetU C—Saahe Nerve of Oat 


Similar expenment Solution used 0 9 gramme per cent NaCl 




0 ) 

(^) 

(«) 

(*) 

(o) 

Ohnu 

j 20 300 

1O700 

If 700 

16 000 

17100 

in 0 

Volt* 

I 0 011 

0 Oli 

0 ai 

0 000 

, 0 00> 

0 001 

Orunmei 

0 28b 

0 247 

0 2 7 

0 262 

0 260 

0 260 

Oentimette* 


6 

6 

5 

6 

5 , 

Spsoifli 1 * itanoe* 

101 

1 184 1 

1 

177 

1 177 

167 


Taking the three experiments uid examining the variations in the 
specific resistance m each case it is noticeably least affected in the 
0 7S per cent solution which there! ire from this pomt of view most 
nearly approaches the isotonic solution 

Reducing the data from the three experiments to an assumed 
average value of 200 ohms for the natal resistance we have 



at, taking averages from the five determinations made after immersion 
in the solution, 



The alteration in weight in the three experiments is apparently 
»n»Bliloos, M there is an inorease in each case, and judged from this 
«ttinion ahme, none of the sidutioiia are isotomo CooMdarahle oare 
talcein to dry dt the n^earfloial moisture, and as far as possdde 
llf pCMsntions were the same in each case There is a dilbranoe in 
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the character of the increase which is confirmed by the results of other 
experiments, the increase in the hypotonic solution is progressive, in the 
otW two there is an increase to, and a maintenance of, a steady 
maximal weight. It seems evident that m all three cases there is an 
imbibition of saline solution at first, apart from any question of the 
transference of water through a membrane. 

The appearances of rigidity were noticeable in the nerve immersed 
in the 0'6 per cent, solution, though the only index of their occurrence 
found in the figures given is provided by the met case in length. The 
ooourrenco of the appearances is, however, unmistakable in an actual 
experiment, the difference between a nerve whit h bus boon immersed 
in 0‘9 per cent, and one which has been in 0 6 per cent, is quite a 
marked one. 

# * # # * 

Maikodly graduated as are the changes of weight, length, resis¬ 
tance, and ligidity following the immersion of nerves in solutions 
of graduated concentration, the changes in the E.M.F. available 
between cross-section and longitudinal surface aio no less so. In so far 
is this true that it is possible, knowing the initi.il value of the E.M.F., 
to predict the value which will lie found after immersion of the nerve 
for a given time in a solution of known coiiccntratiou at a constant 
temperatuie. 

The accompanying data are taken from the recoida of 8 entirely 
separate experiments. In each, a sciatic nerve (cat), removed 
immediately after the death of the animal, was cut to a definite 
length of 6 cm., and placed for 25 minutes iu 500 c.c. of an NaCl 
solution, at a temperature of 17° C. 

The RM.F. found after immersion is given o-xpressed in terms of 
the initial K.M.F. used as unity, is called the K.M.F. '* recovered,” 
and as will lie seen is sometimes greater than the initial value. 

Solution used. Tr ipottion of E.U F. rocorered. 


(1) Tap water . 

... . 1-6 

(2) 0'6 gramme NaCl per cour. 

... 1-059 

(3) 0-76 .. 

... 0-921 

(4) 0-9 „ ., . 

. 0-786 

(6) 1'8 grammes „ 

.. 0-388 

(6) 3-0 „ 

... 0-237 

(7) 6-0 . 

.... 0-107 

(8) 9-0 ., .... 

. 0-062 


If in each the value of the concentrotion of the NaOI solutioik 
is nudtiplied bu the E.M.F. recovered (expressed in tarms of the 
inlllsl TLMJf.), IV get a value which is almost ctmitant for the whole 
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(2) 0 0 X1060 - 0 6364 

(3) 0 73 x 0 921 - oeoaTe-) 

(4) 09 x 0786 - 0 7074 1 

(») 18 x0 388 - 0 6984 [ 

(b) 10 x0'>37 - 0 7110 J 

(7) 6 0 x0107 0 6420 

(8) 9 0 x 0 083 0 6580 

Which relatioiiahip e in 1 c intcrpretnl to mean that foi i consider 
able range of concentrat ni the h M ]< lecovored \ inos almost 
exactly inveisely as the coucentrition and oiitsilo tl is range the 
deviation from the law is not great 
The value of the cinst int which is praoticilly 0 70 in evidently the 
concentration of i silito s lution m which the h Mh should be 
unaltered by the imnie si in 

The preservation of i c iistwt tompe atirt through it the senes of 
experiments is of impoituice the luiition with ttm|)orituro being 
considerable and con plicate I l)it» are given fiom v few expen 
ments made to dctcimino the ii terost of this pomt 

rhe data are as before evch from a separate expo iment upon a 
oitasured length (5 ems) of the sciatic nerve of a cat the only 
difference being in fact thit the temperatures of the solutions were 
vane 1 instead of their concentrations 


Tempontars 

Concentrat on 

B If F race oreil u 
tern a of tho on^nal 

of solution 

ot lol t on 


9 C 

75 per cent NaCl 

101 

17 

0 92 

28 


0 62 

38 


0 62 

* 

♦ 

* 

9 0 

3 0 per cent NaCl 

0‘>'5 

17 

0 24 

27 


on 

34 


004 

2 


015 


It may seem an obvious and foregone conclusion that the isotomc 
soluUon in which the nerve may he with the muumal disturbance 
due to the transference of water and salts should closely oouioide 
with the solution m which the £MF is retained constant, and 
also with the probable isotomcity of the solutum which in the hruig 
body bathed tilm outer surface of the nerve 
It may indeed be maintained that from the point of view of the 
MtaUished hypothesis the local short eiroaitang of the demarcataon 
4()di«e would be afboted by solutions varying in cimcmitratioa from 
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the “normal saline” in jnst such a way as to cause exactly the 
vatiations described in the apparent value of the E.M.F., and that 
the variations would be connected by the simple law found 

If so, an examination of the alterations taking place in the same 
“ normal solution ” when its temperature is varied presents an 
anomaly for explanation The solution maintained at anything 
approaching the temperature of the body, in which the E.M.F. 
would remain constant, is not 0‘70 per cent., but 0-45 per cent. 
NaCl solution. 

A more striking anomaly still is obtained when an appeal is made 
to solutions of electrolytes other than NaCl; an extreme instance is 
given by the consideration of solutions of NaOH. 

The following data are taken from four separate experiments in 
which B cm. pieces of sciatic nerves (cat), removed immediately after 
death, were placed in each case in 500 c.c of an NaOIl solution at 
a tempei attire of 17" G., and left in it for 25 minutes. 

Solution. KM.F “recoTned." 


(1) 0-035 gramme per cent. NaOH. 

1-620 

(2) 0-050 

0-922 

(3) 0-0.50 

0-800 

(4) 0-100. 

0-422 


Proceeding os before, and multiplying the concentration by the 
E.M.F., we have 

(1) 0-026 X 1-620 - 0 0105 

(2) 0-060 x 0-932 - 0 0461 

(3) 0-060 X 0-800 - 0-0400 

(4) 0-100 X 0-432 - 0 0422. 

The concentration law is the same as for NaCl, but the “ constant ’ 
solution is 0-04 instead of 0*7. Dividing these figures by the mole¬ 
cular weights of NaOH and NoCl respectively, the proportion existing 
between ^em is 1 to 12; and this, oven allowing for the greater con¬ 
ductivity of NaOH solutions, is evidently a relation of a more complex 
kind thw that found when passing from one concentration to another 
of a solution of the same electrolyte. 

* * * * « 

In certain types of experiments, such as those in which the eflbet of 
tap water was studied (vide supra) upon the nerves of animaU in a state 
of rigw morfw, the capacity of the establiBhed hypothesis to explain the 
facta is strain^ to on absurd degree. The following are brief desorip- 
tfona of typical experiments oonoeming which the same s t ate m ent in|iy 
safely be inade:— 
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I E/penme/nt Setaitr Nerve of Cat 

Piece 5 cm long Difference of potential taken between the cross 

section and a point 1 cm distant 

At oneo 

Volt 

0 016 

Aftei 26 in 9 per cent N i( 1 solution at 17 C 

0 001 

Another 2') 

0 001 

Another 2’S 

0 001 

Another 10 

0 001 

After 16 iii tap «atei at 17 C 

0011 

After another SO in tap water at 17 C 

0 022 


One hour and 40 minutes m the very al normal saline solutic n of 
9 per cent NaCl and a subsequent 45 minutes in the very ‘ibnormal 
saline solution of tap water and yet the vigour of the changes is 
ummpaired—the} are displayed to the same ibnormal degree by the 
effects of tap water upon the local circuit and flu tmiiaidiA duff', >f 
nehmiy and hyjmrhnty are hhovm ti fxaitly the mu BittuUums 

II Expn tments upon Degenerated Nerve 
In those experiments the preliminary operations fot section of the 
nerves were performed by Professor Sherrington FRS Ihey are 
desonbod m the briefest possible manner but as the nerves wore made 
the subject of systematic and detailed study the full doscnption is 
withheld as in case of the other expenraonts for an opportunity for 
more detailed publication 

Experiment a Vague of Dog 

Prebmmary Opetatwn —1 cm of nerve excised at upper limit and 
1 cm of nerve excised at the lower limit of the nerve in the neck 


Emmenahon mne daye ajlerwarde 


Degenerated Nerve 
E M F - 0 000 volt 
Several oross^eotions were tried 
After an immersion of 2B in tap 
water— 

BMF - 0017 volt 


Intact vagus of other ndo 
EMh » 0006 volt 

After an immersion of 25 in tap 
water— 

FMF - 0016 volt 
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Ejq>mmetd p. Seiatk Ntne of Dog. 
Pr^Umimry Operation .—1 cm. of nerve ezciaed. 

Examination twelve days afterwards. 


Detmnerated Soiatic. 
E.M.F. = 0-003 vqlt. 
After immersion in tap water. 
E.M.F. - 0-02.5 volt. 


Tntaot Sciatic. 

E.M.F. - 0-017 volt. 
After immersion in tap water. 
E.M.F. - 0-026 volt. 


It seems highly probable to the author, biased by the simplicity of 
the “ concentration law,” that the extreme case studied, namely, the 
nerve after immersion in tap water, is but an extreme variation of a 
pre-existing condition—in fact, that the internal structures of the 
nerve form what is to all intents and purposes a stronger aqueous solu¬ 
tion of electrolytes than is found in its superficial parts, just such an 
arrangement of solutions as the character of the resistance and internal 
polaiisation of nerves has always made probable. 

If this is true, all the arguments which can be adduced to explain 
the E.M.F. obtained from the extreme case can be transferred, when 
modified, to the normal condition. 

In this extreme case there is no need to invoke a difference in the 
distribution of the dissociation phenomena of life to explain the exist¬ 
ence of a source of E.M.F. The source is granted as soon os it is 
determined that solutions of different concentration, such as are 
present, are asymmetrically placed in the otherwise symmetrical 
arrangement of solutions connecting the metallic electrodes.* Failing 
an almlute knowledge of this asymmetry, there are many reasons 
which make it highly probable; the anatomical conditions are 
obviously asymmetrical. 

The mathematical considerations determining the value of such a 
source have lieen so perfectly elaborated, and eonsoquently simplified, 
that the data collected from the examination of a supped instance, even 
of a complicated case, can bo afforded a criticism of great exactness. 

With a view to such criticism the research is being continued, and 
for the present the conditions of a possible reversal are sought. 

Throughout the conduct of this research I have been most liberally 
assisted with information and advice by Professor C. S. Sherrington, 
F.B.S., and Professor Oliver Lod^ F.R.B., for which I take this 
opportunity for expressing my gratitude. 1 have also to thank Mr. B. 
Davies, Mr. A. Hay, and Mr. W. H. Derriman for their frequently 
sou^t opinions, and Mr. W. Q. Lloyd for praetical nssistanoe in some 
of the experiments. 


• ConCfnitratloB osQs of 5snst, 'Bleetooehsnistry,’ Le Blaae. 
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“ The Demarcation Current of Mammalian Nerve (Preliminary 
Communication) III The Demarcation bourco and the 
Concentration Law’ ’ By J 8 MacDOiiAU) BA LBCPE, 
University College Liverpool Besoarcli Sctiolar of the British 
Medical Association Communicated by Professor Shebrinc 
TON FK& Received October 18 1900 

Since writing the previoua statement the chinges of E M F oocumng 
during the early part of the time spent in s time solutions have been 
Btudi^ more m detail, the nerves being removed every five minutes for 
examination 

As a result of information so acquired the following statement can 
be defimtely made Solutions of NaOH, HCI NaCl, KCl mainly 
aifect the demonstrable value of the demat cation source according to 
their concentration, and differ intnnsically from one another in their 
effects upon this source only in minor charactonatics 
Each of these electrolytes produces an effect which is best regarded 
as a varution of the effect of water and varies with the concentration 
accordmg to a simple law The concentration m each rase determines 
whether the initial lalue of the demonstrable £ M If shall be increased, 
mamtoined, or diminished 

A study of the comparative effects of vanous concentrations of the 
some electrolyte is of particular interest when the nerve is only 
immersed for a short period (fl\e minutes) presumably because within 
this penod processes of difihuon intoifere least with the concentration 
of electrolytes in the mtomal parts of the ner>o 
The concentration law found to umte the efiects of solutions of 
NaCl, KCl, HCI is comparatively simple, the cue of solutions of KaOH 
being apparently more complex 
If “ E ” represents the imtial value of the IMP, 

“£»” the value after an immersion of 6 duration in a solution of 
concentration “ n," 

“n" the concentration in gramme molecules per litre, 
then in the special case of solutions of KCl 

£, » Elogi approximate!} 

Thus, taking the data from four expenmenU performed upon 6 cm 
ptaoes of sciatio nerves (cat), determinmg the available E M F between 
«ross section and longitudinal surface (a) immediately uport removal 
fftm the recently killed ammal, and (i) after an inunersum of 6 m a 
•oltttiQa of KCl at 17* C — 



m 


Mr J S Macdonald 


Experiments with Solutions of KCl 
Oonoentnition 

f -»-^ BMF reoOTmd, 

Onmiiit fi Onuume moU in termi of the 

per cent per litre initud relue E 

746 1 Ex010-Elogl2 

3 72 i E X 0 34 - L log 2 2 

1 86 1 K X 0 60 - K log 4 

093 i Ex0 90 = Elog8 

The law connecting the efTects of solutions of NaCl is not viry 
ihfferent, as is shown hy examination of the results of the following 
experiments made before the relation was discovoted The results aio 
in this case none the less remarkable in so far as the eonoentrations of 
the solubons used bear no simple proportion to the normal solution of 
1 gramme molecule per btro (5 86 per cent) 

Expenments with solutions of N iCl 
Conoentrstion 

f -"-V E M F m ivered 

OnunniM Qrammt moU in tern i ot L 

per oent per litre the initial value 


(1) 

0 46 

1 

13 

Ex 116 

E log 141 

(2) 

06 

1 

97 

Ex 0 92 

- Elog 8 8 

(3) 

09 

1 

66 

Ex 077 

- h log 6 9 

(O 

30 

1 9 

Ex0 34 

- Elog 2 2 


60 

1 

0 97 

Ex013 

- Elog 1 3 


Presuming temporal ily the law connecting these results to be 
“En = Elogl,” then the concentration multiplied by the number of 
which the logarithm is the proportion between the final and initial value 
of the E M F, should equal umty 

(1) 1x141-109 

(2) 83-086 

(3) g-gX 69 - 090 

(4) j^x 22-116 


1 8 - 1 84 
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It u obvious that the law as stated approximately represents the 
truth in the case of NaCl and KGl solutions In bow far the approxi 
mation u ilifferent m the two oases miut bo left to the consideration of 
further and more exact oxpenmonts 

That a similar law is true for solutions of HGl is shown by the fol 
lowing oxpenmonts Iho stock liboratoiy solution of 0 4 pop cent 
HCl was dilute 1 twice ^.c to obtain tho required vanations of con 
contratioii 

I xpenmenta wth solutions of HCl 
Coi P rah n 

, -* -^ BMF reooier 1 

Oramn ea Qramm i ol in temii of R 

1 rpit lerllTp thn initial val u 

(1) 02 ^ ExO 11 - Flog 2 0 

(2) 01 3 ^ 1 x060 - Mog 4 

(3) 00250 I<xl21 - LloglG 2 

(4) 00126 Fxl63 PlogJ39 

In this case presuming the statement of the 1 iw to be 
I . - Hog ^ 

then 

mCa 8 o(l) i 

(»> M3-‘ ■>» 0“ 

(») 

(*) "" 

The law in this case is En « Elog^ 

It 18 obvious that in tho three cases cousidored the concentration law 
u amply expressed as 

E-I. Elog^. 
whmre hi and k» are constants 

Tho mterest attached to this mode of expressmg the law is seen, 
upon reference to the theoiy of concentration cells, to be oonsidersble, 
and the oeenrrenee of the law cannot be otherwise regarded thui as a 

2 B 3 
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valuable confirmation of the reality of the assumption made as to the 
nature of the demarcation source of the nerve. 

Taking the simplest expression for the value of the E.M.F. of such a 
cell, in which there are two solutions of different concentrations N and 
n of the 8.imo electrolyte at the same temperature, 

E - Klog^. 

If in such a cell the solution of concentration “ N ” is retained con¬ 
stant, V horeas the solution of concentration “ n ” is given different 
values, »i, n-i, ns.. .. &c., 

E^-KlogN. 

«.d 

If N is constant, and also if N/» the original relation of the two 
solutions 18 ticated as a constant, we have 

E„, » E.ii.logJj, 

and this is the relation found existing between the value of the demar¬ 
cation source of the nerve before (E) and after (En,) the immersion of 
the nerve in a solution of concentration %. 


Noeetiiber 16, 1900. 

The LORD LISTER, r.E.C.S., D.C.L., President, in the Chair. 

The Right Hon. Sir Ford North, Professor J. Bretland Farmer, 
Dr. Patrick Manson, and Professor James Walker were admitted into 
the Society. 

A List of the Presents received was laid on the table, and thanks 
cHdered for them. 

In pursuance of the Statutes, notice of the ensuing Anniversary 
Meeting was given from the Chair. 

Professor J. D. Everett, Dr. J. H. Gladstone, and Dr. R. H. Scott 
were by ballot elected Auditors of the Treasurer’s accounts on the part 
of the Society. 

Hie fddowing Papers received during the Recess, and pubiidted 9 t 
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in conrse of publication, in accordance with the Standing Orders of 

Council, were read in title 

“ South African Horse-sicknosa: its Pathology and Methods of Protec¬ 
tive Inoculation.” By Alexander Edinoton, M.B, C.M., 
F.RS.E., Director of the Colonial Bacteriological Institute, Cape 
Colony. Communicated by Sir David Gill, F R.S. 

“Note on the Occurrence of a Seed-like Fructification in certain 
Palteozoio Lycopoda.” By D. II. Scott, M.A., Ph.D., F.R.S., 
Honorary Keeper of the Jodrell Laboratory, Royal Gardens, Kew. 

“The Demaication Current of Mammalian Nerve. (Preliminary 
Communication.) Parts 1—III.” By J. S. Macdonald, B.A., 
L.R.C.P.E. Communicated by Professor SiiERiUNnTON, F R.S. 

The following Papers were read:— 

L “Argon and its Companions.” By Professor W. Rajiray, F.RS., 
and Dr. M. W. Travers. 

II. “ Data for the Problem of Evolution in Man. VI.—A Fiist Study 
of the Correlation of the Human Skull." By Dr. Auce Lbk 
and Professor K. Pearuon, F.B.S. 

III. “ Mathematical Contributions to the Theory of Evolution. IX.— 

On the Principle of Homotyposis and its Relation to Heredity, 
to the Variability of the In^iidual, and to that of the Ba(^ 
Part I.—Homotyposis in the Vegetable Kingdom." By Pro¬ 
fessor K. Pearson, F.RS. 

IV. “ A Chemical Study of the Phosphoric Acid and Potash Contents 

of the Wheat Soda of firoadbalk Field, Rothamsted .” By 
Dr. Bernard Dyer. Communicated by Sir J. H. Gilbert, 
P.RS. 


“Axgon and its Companiona.” By William Ramsay, F.RS., 
and Morris W. Travers, D.Sc. Received November 13,— 
Read November 15,1900. 

(Abstract.) 

The discovery of krypton and neon was announced to the Royal 
Sodef^ in the early sammer of 1898; and subsequently atmosph^ 
air was found to contain a heavier gas to which the name of xenon was 
aspliod. Mr. Bsly, in the sutoinn of the same year, called attenUon to 
the fv^seneo of helina lines in the spectrum of neon, an observation 
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which confirms that made by Professor Kayser, of Bonn, and by Dr. 
Friodlander, of Berlin. 

At tho same time wo imagined that we had obtained a gas with a 
spectrum differing from that of argon and yet of approximately the 
same density ; to this gas we gave tho name metargon. It baa now 
boon found that tho presenco of tho so-called metargon is to be 
accounted for by the fact that in removing oxygen from the mixture 
of these gases, which was then m our hands, phusphoius containing 
carbon was employed, this mixture when burned in oxygen yields a 
spectrum to some extent identical with that furnished by carbon 
monoxide, but differing from it in as much as lines of cyanogen are 
also present. We have no doubt that tho so-called metargon, tho 
spectrum of which is visible only at high pressure, and only when 
impure phosphorus has been employed to remove oxygen, must be 
attributed to some carbon compound. In spite of numerous experi¬ 
ments we have not yet succeeded in proilucing any gas in quantity 
which yields this composite spectrum. It is only to be obtained by a 
mixture of carbon monoxide with cyanogen. 

To obtain the heavier gases krypton and xenon, a large amount of 
air was allowed to evaporate quietly; tho residue was freed from 
oxygen and nitrogen, and then consist^ of a mixture of krypton, 
xenon, and argon, the last forming by far the largest portion of the 
gas; this mixture was liquefied by causing it to flow into a bulb 
immersed in liquid air, and tho bulk of the argon was removed as 
soon 08 the temperature rose, the krypton and the xenon being left 
behind. By many repetitions of this process we were finally suixwesful 
in separating those thrao gases from each other. While lepton has 
a considerable vapour-pressure at the temperature of boiling air, the 
yapour-pressure of xenon is hardly appreciable, and this afforded a 
means of finally separating these two gases from one another; in the 
complete paper tho operations necessary to separate them are fully 
described. 

For neon the process of preparation was different. The air liquefier 
furnished a supply of liquid air; the gas escaping from the liquefier 
oonsiated largely of nitrogen; this mixture was liquefied in a bulb 
immersed in the liquid air which the machine was making. When Uie 
bulb had been filM wiUi liquid nitrogen a ourront of air was blown 
through the liquid until some of the gas had evaporated. That gas 
was collected separately, and deprived of oxygen by passage over redr 
hot copper; it contained the main portion of the neon and the helium 
present iu tiie air. The remainder of (he nitrogen was added to the 
Hqaid air used for cooling the bulb in which the nitrogen was eon- 
itoaaed. Having obtained a considerable qmmtity of this l^jht nittrogen 
it iroa purified from that gas in the usual manner, and the argon 
eontaining heliom and neon ems liquefied. By fracljonal cUstillatioii 
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it was poasible to remove the greater portion of the heliam and neon 
from this mixture of gases, leaving the argon behind. Many attempts 
were made to separate the holiiun from the noon. Among these was 
fractional solution in oxygen, followed by a systematic difIViaion of the 
two gases; but it was not foiiml pnssible to raise the density of the 
neon beyond the number 9 16, and its spectrum still showed helium 
lines. It was not until liquid hydrogen made by an apparatus designed 
and built by one of us (M. W T ) had lieen produced in quantity, that 
the separation was effected , the neon was liquefied or perhaps solidified 
at the tempeiature of iMuling hydrogen, while the helium lomained 
gaseous. A few fractionations serve to prcsluce pure neon; we 
did not attempt to separate the helium in a pure state from this 
mixtuie. 

That these are all monatomic gases was proved by determination of 
the ratio of thou- sjiocific heats by Kiuidt’s method; the physical pro¬ 
perties which we have determined are the refractivities, the densities, 
the compressibilities at two temperatures, and of argon, krypton and 
xenon the vapoui-pressures and the volumes of the hquids at their 
boiling points. 

The results are as follows:— 



Holinm. 

Neon 

Argon 

Krypton 

Xenon. 

BefimotiTitifs (Aur - 1) ,. 

0-im 

0 S846 

0-988 

1-449 

2-864 

Deniitiei of gw«f (0 <« 16) 
Boiling-point* at 70) mm 

1 98 

0»7 

10 96 

40-88 

64 

P 

P 

80-0° 

abt 

181 -88" 

168-9“ 

abe. 

Oritieal tomperature*. 

P 

below 68= 
abe. 

166-6® 

abi. 

210-6“ 

ab*. 

287-7“ 

aba. 

Cntieal pretwre* ........ 

P 

P 

40 a 
metrei 

41-84 

metre* 

48-6 

Vaponr-proMure ratio .... 

P 

P 

0 08-d) 

0 0467 

0-0676 

W^ht of 1 0 0 . of liquid.. 

P 

P 

1 218 
grammes 

2 166 
gTammea 

8-69 

grammes 

Molooular Toliimo*... 

P 

P 

88-98 

87 84 

1 

86-40 


The compressibilities of these gases also show interesting features. 
They were measured at two temperatures—11'2‘ and 237'3*; the value 
of P.V. for an ideal and perfect gas at ll-2‘ is 17,710 metroKJabic- 
oentimetres, and at 237-3' to 31,800. This U, of course, on the 
assumption that the product remains constant whatever be the varia¬ 
tion in pressure. Now with hydrogen at 11-2* C. the product increases 
with the rise of pressure ; wi^ nitrogen, acemding to Amagat, it first 
da^roassa slij^tly and then increases slightly. With helium the io- 
«MUe is more raifid than with hydrogen; with argon there is first a 
cofuiderable deor^ followed at very hig^ preesnres by a gmitle 
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inoreaie, iJthough the product does not reach the theoretical ralue 
at 100 atmospheres pressure; with krypton the change with rise oi 
pressure is a still more marked decrease, and with xenon the decrease 
is very sudden. At the higher temperature the results are more 
difficult to interpret; while nitrogen maintains its nearly constant 
value for P.V., helium decreases rapidly, then increases, and the same 
peculiarity is to be remarked with the other gases, although they do 
not give the product of P.V. coinciding with that calculable by 
assuming that the increase of P.V. is proportional to the rise of 
absolute temperature. 

These last experiments must bo taken as merely preliminary; but 
they show that further research in this direction w’ould be productive 
of interesting results. 

The spectra of these gases have been accurately measured by Mr. 
E. C. C. Baly, with a Rowland’s grating; the results of his measure- 
ments will shortly be published. It may be remarked, however, that 
the colour of a neon-tube is extremely brilliant and of an orange-pink 
hue; it resembles nothing so much as a flame; and it is characterised 
by a multitude of intense orange and yellow lines; that of krypton is 
p^e violet , and that of xenon is sky-blue. The paper contains plates 
showing the most brilliant lines of the visible spectrum. 

That the gases form a scries in the periodic table, between that of 
fluorine and that of sodium is proved by three lines of argument;— 

(1) The ratio between their specific heats at constant pressure and 

constant volume is I'flfl. 

(2) If the densities be regarded as identical with the atomic wei^ts, 

as in the case with diatomic gases such as hydrogen, oxygen, 
and nitrogen, there is no place for these elements in the periodic 
table. The group of elements which includes them is:— 


Hydrogen. 

1 

Helium. 

4 

Lithium. 

7 

Beryllium. 

9 

Fluorine. 

18 

Heon. 

20 

Sodium. 

23 

Magneelum. 

24 

Chlorine. 

36-6 

Argon. 

40 

FotssiiDm. 

39 

Csloium. 

40 

Bromine. 

80 

Hrypton. 

82 

Buhidinm. 

85 

Strondum. 

87 

Iodine. 

127 

Xenon. 

128 

Cariuni. 

138 

Berium. 

137 


(For arguments in favour of placing hydrogen at the head oi til* 
fluMina gtatxp of eleinents, see Ome Masstm, 'Ohem. News,* voL 73, 
1896, p. 388.) 
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(S) Theie olementi exUbit gradations in properties snob as re- 
fraotlTe index, atomio volume, melting-point, and boiling- 
point, whioh find a fitting place on diagrams showing such 
penodio relations. Some of these diagrams are reproduced in 
the original paper. Thus tho refi active equivalents are found 
at tho lower apices of the descending curves, tho atomio 
volumes, on the ascending branches, in appropriate positions; 
and the melting- and boiling-points, like the lofi activities, 
occupy positions at the lower apices. 

Although, however, such regularity is to be noticed, similar to that 
whioh is found with other elements, wo hod entertamed hopes that the 
simple nature of the molecules of tho inactive gases might have thrown 
light on tho puzzling incongriutios of the periodic table. That hope 
has been disappointed Wo have not been able to pi edict accurately 
any one of tho properties of ono of those gases from a knowledge of 
those of the others, an approximate guess is all that can be made. 
The conundrum of the pei iodic table has yet to be solved. 


‘Data for the Problem of Evolution in Man VT—A First 

Study of the Correlation of the Human Skull ” By Aucb 
Lek, D.So , with some assistance from Kasl Pearson, F.RS., 
University College, London. Keceived July 13,—Bead 
November 15,1900 

(Abstract.) 

The substance of this paper was a thesis for the London D.Sc. 
degree; it was shown to Professor Pearson, at whose suggestion con- 
sidmUe modifications wore made, and a revision undertaken vrith a 
view to publication. 

In order to deal exactly with the problem of evolution in man it is 
necessary to obtain in the first place a quantitative appreciation of the 
sise, volition, and correlation of the chief characters in man for a 
number of local races. Several studies of this kind have been already 
imdertaken at University College. These fall into two elasses, (i) those 
that deal with a variety of characters in one local race, and (ii) those 
whidi sthdy the comparative value of the constants from a i^ety of 
races. Thus Dr. E. Warren has dealt with the long bones of the Naqada 
mv,* Mr. Leslie Bramley-Moore has compared the regression equatitma 
for the hmg bones from a considerable number of races inamemdr not 

• •JfULtnm.,’ B, Tob 180, p. UB. 



Dr. A. Lee and Prof. K. Pearson. 


yet published, Ptofeasor Pearson has dealt with the regression equations 
for stature and long bones as applied to a variety of races ;* Miss A. 
Whiteloy has studied the correlation of certain joints of the hand,t and 
is investigating the correlation of the bones of the hand in a second 
local race; Miss C. D. Fawcett has made a long series of measurements 
on the Naqada skulls, and correlated their chief characters; the present 
memoir, on the other hand, deals with only a few characters in the 
skull, comparing, however, the results obtained from a variety of local 
races. 

It is thus related to Miss Fawcett’s work much os Mr. Bramley- 
Moore’s to Dr. Warren's,it endeavours, by selecting a few characters 
and testing them, to ascertain how far results nbtaineil for one local 
race are valid for a second. In Professor Pearson’s memoir on the 
reconstruction of the stature of prehistoric races, results obtained from 
one local race wore then extended to a groat vaiioty of other races. 
The degree of accuracy in this procedure can only bo fully ascertained 
when the data now being collected in both English and German ana¬ 
tomical institutes are available for calculation. 

The skull, however, differs very widely from the stature and long 
bones; for, while those have a very high degree of correlation in aU 
local races, the chief characters of the skull are very loosely corrected, 
and such correlation as they possess varies in a remarkable manner 
with sex and race. This was first indicated by Professor Pearson 
it has been amply illustrated in the measurements of Miss Fawcett, 
and is confirmed in a recently published memoir by Dr. Franz Boas. 
It may be said that this want of correlation in the parts of the skull is 
the origin of its great importance for the anthropologist; it is the 
source 'of its personal and racial individuality. But this anthropological 
advantage is, from the standpoint of organic evolution, a great dis- 
advanta^. Cuvier introduced the conception of correlation with the 
idea of reconstructing from a single bone the whole skeleton and even 
the outward form of an extinct animal, but the great want of correlation 
between the parts of the skull, and between the skull and other parts 
of the human skeleton, renders quantitative reconstruction—and this is 
the really scientific reconstruction—of one character of the skull from 
a second, or of the skull and parts of the skeleton from each other ex¬ 
tremely difficult, if not impossible, for all but a veiy few characters. 

Among these characters* one of the most feasible to deal with, aad 
one of the most useful, is the capacity of the skull. This is correlated 
to a fairly high degree (although to nothing like the same extent as tiie 
long bones among themselves) with the maxim um length and breadth, 
with the total and auricular heights, and with the horisontal and 
V* 'm. Trsna,’ k, voL IM, p. IW. 
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vertical oiroumferencee of the skull. The present memoir deals in tho 
main with the problem of the reconstruction of the capacity from these 
characters. 

Throe fundamental problems arise in the theory of reconstruction, 
i.f., the ilotermination of tho probable value of an unknown character 
from a knovm and measurable oue, oi from sovoial such. Namely;— 

I. The reconstruction of tho individual from data for his own 

race. 

II. Tho reconstruction of tho average value of .'a character in one 

local race from data determined for a second local race. 

III. The dotoimination of the probable value in an individual of 
characters not measurable diuang life from characters which 
aro measurable. 

Those three problems are all dealt with for the special character 
capacity of tho skull in the present p.tpor. Thoir importanco may bo 
indioatkl by the following considerations:— 

(a.) Many, especially of the moio ancient and accordingly more 
interesting skulls, aro too fragile or too fragmentary to allow of their 
capacity being directly determined. 

(b.) The methods for directly determining capacity are still not only 
veiy diverse, but divergent in result, and from the physical stand¬ 
point crude and inexact. In the concordat of the Goiman craniologists 
—the Frankfurter Veretandtf/ung —the point was left for future con¬ 
sideration, and so it has remained for many years. Tho capacities of 
series of skulls determined during the past forty years in France, 
England, and Germany are, we are convinced, not comparable, at least 
if the argument from the comparison is to depend on a difference of 
30 to 40 cm.* While the some observer using different methods may 
be trained to got results within 4 to 6 cm.* for the same skull, 
different obeervers, equally careful, using the same method, will oasUy 
get results for the same series diverging by 20 to 30 and even more 
cubic centimetres. Shortly, the personal equation—involved in the 
packing in the skull and in the measuring vessel—is very large. 

Accordingly a regression equation for the capacity as based on 
external measurements may, if deduced from a enSlciontly largo range 
d series measured by earafiil independent observers, give results 
fairly free from the error of personal equation and tiiis sensibly as 
correct as, or more oorreot than, direct measurement when we require 
the mean capacity of a series. 

(li.) It is impossible to obtain a lai^ series of skulls bdongiug to 
knoim iodividuBli with a elusified measure of intelleotnal ability. 
•Actually we have only a few skulls of men of great intellectual power, 
•ometioM preeerved because they were large, and to compare with these 
the dnUs d the unknown and often the ill-nouriehed, which reach the 
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anatomical institntoB.* Accordingly it is an investigation of oon- 
■iderable interest to compare the prebabU capacity of the skulls of living 
persons with their roughly appreciable intellectual grade. It is only 
by such a compaiisun that we can hope to discover whether the size 
and shape of the skull is to any extent correlated with hi am power. 

In the course of the memoir it is shown that the auricular height 
of the skull is a better measurement for determining skull capacity 
than the total height; that the circumferences of the skull, while 
highly correlated with its capacity, give regression equations which 
vary widely from one to another closely-alhod race, that linear 
regression equations involving length, breadth, and aiiiicular height, 
while giving fairly good results for individuals within the local race, 
have very divergent coefficients as we pass from local race to local race; 
that the cephalic index has very bttle correlation with capacity at all 
(as a rule what there is may be summed up in the words ; In a brachy* 
cephalic race the rounder the skull the greater the capacity, in a 
dolichocephalic race the narrower the skull the greater the capacity— 
the greater capacity following the emphasis of the racial character); 
finally, that the correlation of capacity with the tnple product of 
length, breadth, and height gives a regression equation which is fairly 
constant from local race to local race, and is accordingly the best 
available. 

From this and other equations individual and racial reconstructions 
are made, and the deviations between the actual and predicted capacities 
in randomly chosen series of skulls are tabulated. The mean errw 
made in the reconstruction of the individual capacity by the beet 
formulse is 3 to 4 per cent., the maximum error, although of course 
infrequent, may even bo 10 per cent. For the reconstruction of the 
mean capacity of a race, the mean error is about 1*2 per cent, with a 
maximum error of 2'5 per cent If these errors appear large to the 
craniolc^ist, we would remind him that his search for an absolutely 
correct formula giving cranial capacity from external measurements is 
the pursuit of a Will-o’-the-wisp. The theory of probability shows us 
exactly the sort of errors such formulte are liable to, and teaches ns 
bow to select the best The whole basis of the theory of evolution, tiie 
variability of one character, oven with fixed values for a number d 
odiers, would be upset if any such absolute formula were forthcoming. 
What we have to do is to select a few organs as highly correlated as 
possible, but, having done this, it has been shown elsewhere that w» 
shall not sensibly dwrease the error of our prediction by increasing the 
number of pigans upon which the estimate is basedt Accordingly we 
do not belieVe that sensibly better reconstruction formuln than those 

• This stfuqimt sppliM sbo, la sTtn sa iatsnsUed desNS, to Uis dMwmlaatidns 
ei htmln wsighu 

t‘PhiL Tiaa^’A, Tol. 190^ p. 406. 
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found will ovor be forthcoming, for, u wo have already obeerved, we 
know from Miu Fawcett’s wide senes of skull correlations that we have 
practically chosen the oi^ns of the highest correlation. Better data 
for determining the equations will imdoubtedly be available as farther 
oraniological measurements are made, or as the great mass already 
made are quantitatively reduced. 

In the W place wo tom to the third problem ■ the reconstruction 
of the capacity of the hving head. The momou contains tables of the 
skull capacity of some sixty men, and also of some thirty women, 
whoso relative intellectual ability can bo more or less roughly ap¬ 
preciated. It would bo impossible to assort any marked degree of 
correlation between the skull capacities of those individuals and the 
current appreciation of their intellectual capacities. One of the most 
distinguished of Continental anthropologists has loss skull capacity than 
80 per cent, of the women students of ficdfotd College; one of our 
leading English anatomists than 28 per tout of the same students. 
There will, of course, be errors in our pubablr deteminations, but 
different methods of appreciation load to sensibly like results, and 
although we are dealing with skull eapanii/, and not brain weight, 
there is, we hold, in our data material enough to cause those to pause 
who associate relative bnun weight either in the individual or the sex 
snth relative intellectual power. The correlation, if it exists, can 
hardly bo large, and the true source of intellectual ability will, we 
are convinced, have to bo sought elsewhere, m the complexity of the 
convolutions, in the variety and ofBciency of the commissures, rather 
than in mere sixe or weight. 


“ Total Eclipse of tho Sun, May 28,1900. rroliminaty Account 
of the Observations made by the Solar Physics Observatory 
Eclipse Expedition and the OfQcers and Men of HM.S. 
• Theseus,’ at Santa Pola ” By Sir Nohmak Lockybh, K.C.B., 
F.RS. Received June 22,1900.—Read at Joint Meeting of 
the Royal and Royal Astronomical Societies, June ^8,1900. 

The observing station selected for my party was determined upon 
from information supplied by the Hydr^apher, Rear-Admiral Sir W. 
J. L. Wharton, B.N., K.C.B., F.R.S. Santa Fola appeared likely to 
meet the requirements of a man-of-war, and without stteh. as 

a man-of-war cim render, the manipulation of long focus prianutti 
cameras in eclipse observations in a strange country is impraeticaUe. 

Santa Fola lies very near tiie oentnd line of the eclip^ and goo 
an^orage was available^ protected from some winds. 
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Before leaving England, I oomnanicated with Professor Francisco 
Ifiigues i Ifiigues, Director of the Madrid Observatory, and Mr. Jasper 
Gumming, H.M. Vice-Consul at Alicante. These gentlemen, together 
with Don Josd Bonmati Mas, a large landed proprietor, and father of 
the Mayor of Santa Pola, very kindly made ^1 the necessary prelimi¬ 
nary arrangements with the local authorities, who had also l)eon 
instructed by the Spanish Government, after representations had lieen 
made by the Foreign Office, at the request of the Royal Society. 

As a result of the Royal Society’s apphcation to the Admiralty, 
II.M.S. “ Theseus," commanded by Captain V. A. Tisdall, R.N., was 
told off to meet the expedition at Gibraltar, and convey the observers 
to Santa Pola 

The expedition consisted at first of Dr. W. J. S. Lockyer, from 
the Solar Physics Obseivatory, Mr. A. Fowler, the demonstrator in 
Astronomical Physics, from the Royal College of Science, and Mr. 
Howard Payn, who joined as n volunteer; I subsequently received 
orders to accompany and take charge of it. 

Mr. Payn went on in atlvanco overland to make preliminary ar 
rangements and to lay out the camp on a plan which had been 
previously arranged, while the remaining oltservers left England on 
May 11, by the R.M.S. “ Oruba,” of the Orient line. 

On arriving at Gibraltar, the party at once went on board H.M.S. 
“ Theseus," and loft for Santa Pola, which was reached just before 
noon the following day. May 17. I was glad to find that great interest 
had been shown in the expedition lioforo our arrival on board, and 
that lectures on the work to be undertaken had already been given by 
the Chaplain, the Rev. G. Brooke-Robinson, M.A. 

Assistants were at once forthcoming for working the prismatic 
cameras, and also for manipulating several cameras which I had 
bi ought out to l>e used by the ship’s company in obtaining photo¬ 
graphs of the corona. 

Observing parties in charge of officers of the ship, to make observa¬ 
tions along several lines, were at the same time organised. 

On our arrival at Santa Pola, the following lu^ officials came on 
board with Mr. Payn:—Sns. Frandsco Bonmati Mas, Mayor of 
Santa Pola j Antoine Bonmati Mas, Vice-Mayor of Santa Pola; Joe^ 
Bonmati Mas, Municipal Councillor; Souk Salinas Peres, Municipal 
Councillor; Eladio Ponce de Leon, Secretary to the Mayor; Michel 
Sempere, Justice of the Peace; Joa4 Hemandes, Captain <A the Port; 
Geronimo Agnati, Administrator of Customs; Eduard Fernandes, 1st 
Lieut, of Ckiost Guards; Tomas Bueno, Medical Officer. 

They infi^naed us that permisdcHi had been given for landing purtiee 
from the rndn-of-war, and special facilities granted for landing instrur 
mente and p^nal baggage without Custom’s examination. 

The ereotiop of the instruments, huts, and tents was commenced on 
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the following morning, May 18, and by the evening of May 21 the 
principal instromenU were * reported in approximate adjustment. 
Drills were begun on May 22, and were carried on several times a day 
tip to the day of the eclipse. In this work the eolipeo clock, which I 
have described in previous eclipse reports, was used. 

By permission of the Captain, three of the officers of the “ Theseus,” 
Lieuts. Andrews, Doughty, and Pattnck, R.N., occupied quarters on 
shore to superintend the work of the parties in the camp. On board, 
the Chaplain gave instructions in sketching coronas and recording 
stars, using for this purpose a lantern which had been pLiced at the 
disposal of the expedition by the Orient Steam Navigation Company. 

The weather was very favourable for the work of the expedition, 
but at times the landing and omlmrking of parties from the ship was 
rendered difficult by strong sea breezes and the con8e([uont surf. 

Both day and night the instruments were carefully guardivl by a 
detachment of “GuarUias Civilos,” told oif for the purpose by the 
Spanish authorities. 

The groups of observers were as follows — 

LIST OF KCLIPSJE PABTIKS. 


Lient. F. A. Andrewa, RJf. 
Hr. Booghey, Htd 
Hr. Lambert, Hid. 


S. Wslo, 2nd Teoman SignaK 
W. Wrbb, P.O 3. 

Bugler bneller, O.S 


Dr. Lookyer. 

S. Birley, E.B.A. 
3. Green, A.B. 

0. Fithenden, O 8. 


e.<Mi PrUmattc Camera 

C. Willmott, OB. 
A. HumpLnet, OB. 
G. Hyatt, O B 


iO-foot iViMkitie Camera. 

A. Haekell, A JJ 

B. Darioe, O.S. 

H. Criatopbor, OB. 

W. Harruon, Bto. Hrch. 

d’lseit Bqaaiorial. 

Sir Homan torkyer, K.O.B. 0. 0. Imibert, Hid. 

Sq»aior\a(. 

Uent. H. H. Doughty, B.N. A, O. H. Lane, Hid. 


Hr. Foerler. 

W. F. Cox, Amr. 

A. Whitboume, A.B. 
F. Burt, A.B. 


Lonf'/tieM Coronofrafh, 

H. Bary, A3. 
W. Hau), OB. 
H. Brodkf, OB. 


Kr.Fayn. 

T. KoQomm, A.B. 
>. Woodland, A.8, 
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Chakam Ctrottgrtpk. 

Mr. W. J. 8. Ferkim, Aiit. Engr., BJJ. i, Eno»l«i, Chief Stiver. 
W. Walker, Lg. Stoker. 


De Zm Btf C«r«aagraph 

Mr H. W. Portch, Aiet. Engr, R.K. H. Fn»t, Chief Stoker 
W. Waterfleld, K B.A. 

Dallmejitr Coronagraph. 

Snrgeon J. Martin, B.N. B. Quint, Chief Stoker 

E. Buokinghim, E B.A. 

Lite*. 


Mr. J. B. Bateman, Mid. B.N. 
W. Fraior, Arm. Crew 
B. B. Bradbrooko, A.B 
H. W. Bioliardson, F.O. 2. 

E. Vojle, Lg. Shipwt 
T. Orange, Bojr, 1 o. 

A. Maeon, A.B. 

A. Storen, A B. 

0. Pant, Bo}-, 1 o. 


rMr. J. A Danieli, Torp Gunner, B.K. 

4 O. Fair, Armourer 

IE. Gordon, S. Carp. 

rW.Tueker, AB 

4 W. Brener, A B 

IB. Salmon, Bo;r, 1 o. 

rA. Max. AB. 

4 H Bailey, A B 
1 J. Entaiatle, S Std Boy 


Sktlcku Corona witkom/ 2>itet (on tkort), 

W. Butt, M.A.A. U. Meaober, Pte. B.M L.I. 

O. Guilliame, A.B. H. Sclimidtml, O.B. 


SMokot of Corona vilkout Dim ( o * board). 

W. Baxter, A.B. J. Wheeler, Pte. B M.L I. 

W. ButU, Pte. B.M.L.T. E. Williii, S.B. Attendant. 

C. Jacob, Pte. B.M.L L 


Mr Bennett, Clerk. 
W. Biehea, L. Beaman. 
A. Pontifex, A.B. 

W. Boeworth, A.B. 


ObMTvattonM < 


8tar$ (oa tkort) 

H. Angua, O.S. 

W. Emyett, Pte. B.M L.L 
W. Olirer, Pte. E.M L I. 


OUtrtatumt on Start (o« board). 


Ber. G. B. Bobioaon, M JL 
H. Croxon, i*. Oorpl. 

A. FbilHpa, Leading Shipwt. 

B. Yigna, Corpl. B.M.I1.L 
E. Price, Pte. BJM:.L.L 


E. Hammond, Sto 
O. Andrewa, Sto 
O. Hightinj^e, Sto. 

8. Wilaim, Sto , 
E.BaTagr,Fte.B.MLI. 


OhirvaHout ^ Skadow Baadt (on tkort). 
Coumaader Hon. B. F. Boyle, B.N. Mr. J. G. Walali, Mid. B.N. 

Mr. T. Oator, Baral Iiutruetor, BJf. Mr. F. 0. Skinner, Mid. B.H. 

Mtttoroi^liotA Okttroahoni (on tkort). 

Mr. G. 8. Hallowea, Mid. B.K. 


ZM».Fattiiek,B.N. 
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JOitorologiral Oittrvaitoiu (ox board). 

G. Donnelly, Teem Sig. W. Heerne, Sig. 

K. Gant, Lg. Sig J. Beach, Sig. 

A. Enktidge, Sig 

Landnapo Cidmrt (on oAort). 

Capt. V V WUitmanli, B M.L I Laiu-e-Coppl, Wade, B.M.L.I 

Ship'i Sleaard D. Graaii. W. Birkott, Writer. 

lM»dteapt Cofonrt (oa hoard). 

Fleet Faymaater A. W Ankharo, B.ir Lieiil W. J. Frazer, B M. 

Skadoto Pkenomeoa (on »kore) 

Mr 0 Frynn, Carpr. B.N 

Skadoto Pkenomena (on hoard). 

Lieut. U B. Shtpater, R R 
Pkoiograpkert 

3 Knight, SB Steward. 11 Oulbrook, A.B. 

AuU-dt’Camp io Str ITorman Lorl^rr, K.C.B., KS A'. 

Mr. C. 0 Lambert, Mid E S. 

Time AmtngemeitK 

Acconling to tho Admiriilty chnrt, the lutitude and longitude of 
the place of olaervation are 38° 11' 20" N. and 0° 33'66' W. respec' 
tirely. For this point, tho times and position angles of contact 
derived from the formulie given in the ‘ Xantical Almanac Circular/ 
No. 17, were as follows:— 

Beginning of totality, May, 28 d. 4 h. 12 m., 51’7 s. 

End „ „ 4 h. 14 m., 10-6 8. 

Duration of tot^ty .. 1 m., IH-Ss. 

Position angle of fiist contact, 87" 3-5' from N. towards W. 

„ „ last „ 03" 47-3' „ „ E. 

The experience of the Indian eclipse of 1898 suggested that the 
duration of totality was too long, and for the practical working during 
the eclipse the adopted time was 76 seconds, so that there would be 
noxcbanee of spoiling tho coronagraph plates liy exposing them after 
totality. The face of the eclipse clock was graduated accordingly. 

The arrangements for securing signals at definite intervals ^ore 
totality was identical with that emjduyed in Lapland and India. An 
trwttg A of the sun projected by the finder of the 6*inoh two-j^riam pris* 
4pado camera was viewed on an adjustable screen* marked in su^ a 
way that it was easy to see when the cusps subtended angles of 90° 

voi* Lxvn. 3 0 
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aiid 66°, which oocnrred recpectively at 16 «ec«. and 6 boos, before 
totality. The eignals “ Go ” at the conunencement of totality, and 
“ Over ” at the end, were given by myself, from obeervations made 
with the 4-iiich Cooke telescope. 

Some of the photngnijihs have not yet lieen developed, and the 
reports have not yet lioeii toroivod fiom the ship’s paities, so that 
only a very brief roforenco to the work nccomplished is possible. 

I'hf Ptunmhr Cdmi'iat. 

The discussion of the senes of photographs taken with the prismatic 
cameras employed in the last three eclipses indicated that continued 
work with this foim of spectroscope should bo undertaken, (1) with 
the \'iow of obtaining data strictly comparable with the previous 
photographs, and (2) that an effort should be made to extend the 
inquiry into comparatiio lengths of the various arcs. For the first 
piu^Krto it seemed desirable to rojieat the Indian work with the 6-inch 
tamera having two pnsms, while for the second an instnunent of 
longer focus was necessary. 

itopresentations as to the importance of the latter instniment were 
made to the lioyal Society, and ultimately the purchase of a Taylor 
triple lens of 6 inches apeittire and 20 feet focal length was autho¬ 
rised. This was received so shortly before the expedibiou left England, 
that it was only possible to make a rough trial of the instrument before 
it was set up at Santa Pola. Both prismatic cameras were worked in 
conjunction with sidcrostats, calculations having shown that the 
position angles of contact were favourably sitiuited after reflection. 

Dr. Lockyer took charge of the two-prism instrument, and Mr. 
Fowler of that having a long focus, and in each case the programme 
of exposures was successfully performed. 

The photographs which have lieen developed indicate the same suc¬ 
cession of phenomena recorded in the three previous eebpses, but the 
recent eclipse was specially advantageous, for the reason that the 
chromospheric arcs at the instant of contact were of greater length. 

A very complete record of the spectrum of the chromosphere at 
various depths has been secured with both instruments, and it seems 
probable that new information as to the distrihution of the various 
vapours will be furnished by the photographs taken with |he long- 
focus instrument. 

The spectrum of the corona shows the green ring at 6308'7, the 
blue Aig at 4231, and the violet ring at 3987'0: others may polsiUy 
appear on closer examination. AU the rings are of totally differeab 
etaracter from the ohromospherio area, and ^ve their greatest bright- 
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noM in regions other than those where the chromospheric arcs are 
brightest. As before, 3987'0 is much more uniform in brightness 
throughout the extent of the nng than the others; 6303'7 is especially 
strong in one or two regions, hut on the whole is probably weaker 
than m 1898. 

The photographs show that the scale of the spectra is by no means 
too large for work with short exposures with a lens of 6 inches aper¬ 
ture. The spectra are 7‘5 inches long from Dg to K, and the diameter 
of the rings is inches; photographs taken with an exposure esti¬ 
mated at ^ of a second aio fully exposed. , 

The Differnxef* Miienx th< Cmomi't (Jivrml at thi PniixI't of Sunrqxd 
Maxima ami Mtnmii. 

My attention was called especially to these diffei ences, because I 
saw the minimum eclipse of 1878, while the phenomena of that of 
1871 (maximum) wore still quite fresh iii my mind. My then pu1>- 
lished statements have lieon amply confirmed during the ocUpses which 
have happened since 1878, but certainly the strongest confirmation 
has lieen obtained during the present one, which took place two more 
spot periods after 1878. 


1 . Fonn. 

With regard to form, at the instant of toUhty I saw the 1878 
corona over again, the wind vane appearance being as then most 
striking. 

2. The SpriUuin. 

In connection with the eclipse of 1878 (minimum), 1 pointed out 
that, whereas in 1871 (maximum) the spoctnim of the corona viewed 
by small dispersion was remarkable for the brightness of the lines; in 
1878 they wore practically absent, and the continuous spectrum was 
remarkalily brilliant 

1 determined therefore to make a similar observation in this year of 
inariTtiiim, and, H8 ill 1878, used a grating first order spectrum placed 
near the eye. The result was identical with that recorded in 1878. I 
saw no obvious rings or arcs, but chiefly a briji^it continuous spectrum. 

3. The Minute Stnutme of Uie Inner Corona. 

Lieut Doughty, R.N., and myself made observations on the minute 
atmeture of the oorona, in order to see if any small details could be 
observed, wd whether they were the same as those I saw so wdl and 
recorded during the eclipse of 1871, at a ^od of sunnipot maximum. 

question was specially taken up this year, as exactly two sun¬ 
spot periods have elapsed since 1878. 


2 0 2 
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In 1871 I used a 6-mcli object glass, and distinctly observed marked 
delicate thread-like filaments, reminding one of the structure of the 
prominences, with mottling and nebulous indications hero and there; 
some of these distinct markings were obvious enough to be seen till 
some minutes after totality.* 

This year, with a perfect 4-inch Taylor lens and a high power, not 
the slightest appearance of thu structure was to lie traced; the corona 
some 3' or 3’ aliovo the chromosphere was alisolutely without any 
detailed markings whatever, 

Lieut, Doughty duplicated and confirmed these observations with a 
S| Cooke. Ilere, then, is estahbshed another well-marked difference 
between maxunum and minimum coronas 


Tly CotOHuyrnplii). 

Four coronagraphs were employed of various apertures and focal 
lengths. One, of 4 inches aperture and 16 feet focal length, was in 
charge of Mr. Howard Payn, while the others were controlled by 
officers of the ship. 

The results obtained are very satisfactory, those taken with the 
long-focus instrument being especially good. In this case the image is 
1} inches in diameter, and the definition is perfect. The photograph 
taken with an exposure of 6 seconds shows a great wealth of detail in 
the inner corona and prominences; the fine definition appears to be 
due to the fact that a Taylor photo-visual lens was employed, bringing 
the rays of various refrangibiUties to the same focus. A long ex¬ 
posure photograph, with the same instrument, is remarkable for the 
perfect hardness of the moon’s edge, notwithstanding the motion during 
totality. 

The three photographs secured by Asst. Engineer Portch, R.N., 
with the De la Kue lens of 4^ inches aperture, giro also sharp images 
with much fine detail. 

Sandell triple-coated plates were used with this instrument. 

With the 6-inch Dallmeyer lens, two photographs on Sandell plates 
were obtained by Dr. Martin, K.N., one being exposed for about half 
a second, and another for 60 seconds. 

The longer exposure records the extensions to a greater distance 
from the dark moon than any of the other photographs obtained, with 
the exception of the one secured with the small-grating camera. 

This kst-mentioued instrument consisted of a Zeiss anastigmatic 
lens of 9 inches focal length, with a small Thorp gratmg mounted in 
boat of it. The exposure of the plate was 40 seconds during totality ^ 
the longest streamer in the N.R quadrant extends to a distance ol 
Innar^^eters. 


• ‘ Solar Ph7siel,’^ 879. 
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Six discs for cutting out the bright light of the inner corona were 
erected, with the view of enabling the observers to detect the long 
extensions if there should lie any. They wore very carefully set up 
by Lieuts. Doughty and Andrews, RN., and were provided with eye- 
pieces having all necessary adjustments. Mr. Daniels, torpedo gunner, 
then took charge of the party, and numerous rehearsals wore given. 
In the trials remarkable sfall in recording delicate details was dis¬ 
played. 

During the eclipse, the actual ol«erver was bhndfoldoil for fave 
minutes before totality. 

No extensions of the nature observed by Professor Newcomb m 1«78 
wore recorded. 

UliuimtKm oit the SUtit Vu>M( dmmj Totaldi/. 

A large party for the oliservation of stars visible during totahty 
was trained and organised by the Chaplain, Kev. (t. lirooke-Hobinson, 
RN., who was provnlcd with a sot of star charts foi purposes of in- 
stniction prior to the eclipse, and another sot, prcpareil by Dr. Lockyer, 
for making records <lunng the cehpse. . 

Venus became visible at a very early stage of the eclipse, and dunng 
totality Mercury was a very conspicuous object near the extremity of 
one of the streamers, a. Tauri, a and y Ononis were also recorded. 
No comet or unknown body was noted. 

Shadow Bawls. 

The Naval instmetor on H.M R “ Theseus,” Mr. T. tilator, RA., 
undertook this branch of the eclipse work, and during the eclipse 
worked in conjunction with the Commander, the Hon. R F. Boyle. 
Very complete arrangements were made for securing the orientation 
of the ban^ (1) on a horizontal plane j (2) on a plane in the meridian; 
(3) on a plane in the prime vertical. The bonds appear to have been 
very ill-defined, but the necessary observations were secured in planes 
land 2. 

MetmrologiftU ObsermtioM. 

A regular series of observations of temperature and pressure was 
established three days before the eclipse, and continued until two days 
after; Lieut. I^ttrick, RN., taking charge (4 this branch of the work. 
During the eclipse the temperature fell 6’ C., and the barometer also 
feU slightly. 

The thanks of tiie expedition are due espeoially to those named in 
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the foregoing Hccount, not only for assistHnce rendered, but also for 
their great kindueas to us. I have already, in a letter, expressed to 
the Royal Society tuy deep sense of the obligation they have laid us. 
under. 

As in the case of the “ Volage ” and “ Melpomene,” the officers and 
men of the “ Theseus ” nut only assisted us with certain instruments^ 
but organised crows for others, and many lines of work which it woa 
impossible for the observers sent out from England to attempt. Their 
skill, resourcefulness, and steadiness were alike truly admirable. 

Thanks are also duo to the Managers of the Onent Steam Naviga¬ 
tion Company, who convoyed the instruments to and from Gibraltar 
freight free 

I may a»ld, the Civil Governor of the Province of Alicante, Sefior 
don Uipoldu Caras y Gomez do Andino, visited the camp to assure 
himself that all the assistuiice the Spanish authorities could give had 
been rondorod. 


“ Total Solar Eclipse of 1900 (May 28). Pi-elimiiiary Report oo 
the Observatioua umdu at llouzaroali (in the Gnmnds of 
the Algiow Observatory).” Ry I’rofessor H. H. Tubnbb, 
M.A., E.R S, and H. K. Nkwaix, M.A., See ILA S. Received 
June 28,—Read at Joint; Meeting of the Royal and Royal 
Aetroiionucal Societies, Juno 28,1900. 

The Report is presented in three parts. 

Past I. Obioik o» thb Bxfboxtiom aks Obvibal PurABAZiozs bt nos 
Two OBsnvnis joibtlt (jj I—10). 

Paki n. Sifabatb Brtobt bx Fbovbsbob Tubbib. 
fS 11—12. The Camersi and Cwloatst 
S 18. Tlie PolsnsoopM. 

$f 14—le. AdjusUnrats. 

If 17—19. Prognunma of Obsemtioiu. 
si 80. Tba Standard Sqnaiet. 
f 21. Um of Qreen Scraan. 

S 82. Intagnl Photometar. 

S 28. Carelopinent. 


Pabt IIL Sbbabatb Bbtobt it Mb. Nbwabl 

S 84. Tha Fowspiinu Spaotroieopa with Slit. 

I 28. Tha Photogi^phla Oamara with large Objaetira Orating, 
f 28. Tha Pdlariaeopio Oamara ^vart Flatai and Niool Priro). 
I 27. Afatioaphario Polarisation. 
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Paht I. 

1. Origin of ilie Kxpnliiwn. —This expedition was one of those 
organised by the Joint Permanent Eclipse Committee of the Boyal 
Society and lioyal Astronomical Society, funds lieing provided from a 
grant made by the Uovornmout Uiant Committee. 

The expedition was most cordially and hos]>ital)Iy assisted by 
M. Tripled, the Director of the Algiers Oliservatory, and the observers 
are indebted to him in numberless ways for his kindness. He assigned 
good positions for the instruments in the Observatory groimds, and had 
brick piers built beforehand accoiding to pbins supplied to him by the 
observers. lie made the airangemeiiU for conveying the instruments 
to and from Algiers, and put at the disposal of the olweners a 
capacious dark room (i\hich wo lieliove ho hiul specially ai ranged for 
the purpose) and the services of a carpenter. 

2. MuJIWeifti OhufiMturuf .—It may bo hoio mentioned, although it 
does not come stiictly within the scope of this icpoit, that M. Ti^pied 
allowed Air AV. H. AVesley, the Assistant Secietary of the Eoyal 
Astronomical Society, who has hod great oxpunenco in drawing the 
corona from photographs, to use the u<|uatonal coude of the Algiers 
Observatory during this eclipse j and Mr. Wesley was thus enabled to 
make his first eye observations on the corona itself under most favour¬ 
able conditions. He joined the present expedition, but as be was the 
emissary of the lioynl Astronomical Society and not of the Joint 
Committee, the report of his oliservations is nut included hero. That 
M. Tripled should have placed the finest uistiument in the Oliservatory 
at the dispoBul of a foi-eigner is a sti iking instance of his sciontifio 
liberality; and the obseivors ciUI attention to it liecause it will indicate 
more clearly than any enumeration of details the kind of assistance for 
which they have to thank him. 

3. Personufl .—The following persofis took part in the expedition;— 

H. H. Turner, M.A, r.K.S., Savilian Professor of Astronomy at 
Oxford. 

H. F. Newall, M.A., Sec. B.A.S., Observatory, University of 
Cambridge. 

4. /ftaenwy.—The observers left Charing Croas at 11 a.m. on Satmv 
day, May 12. They spent one day in Marseilles, and arrived at Algiers 
on Tuesday, May 16, proceeding in the evening of the some day to the 
little village of Bousareah, which they made their headquarters, about 
a wiiln from the Algiers Observatory. The instniments had been sent 
round by sea (through the Papayauni Steamship Company), and should 
have arrived on May 10, but for some reason they did not arrive until 
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counted on were thus lo«t, and in order to carry out the programme 
un undesirably great press of work was necessary. The day of the 
eclipse was fine, and many good photographs wore obtained. The 
development of these and the pocking up of the iustniments fully 
occupied the observers till Friday, .Juno 1. They left Algiers on 
Haturday, June 2, and amved in London on Moinlay, .Juno 4. But 
they would record the opinion that the time spent on the expedition 
was too short. The woik was got through, Init with practically no 
margin for contingencies, and would have lioen done better with another 
week at least. 

6 I'untum of Station. —The station was on the west siilo of the 
equatorial coudtS and about 50 yanls S.E. of the transit-circle, the 
position of which is 

Longitude . 0''12"‘8*'7 E of (Greenwich. 

laitvtude . .16 48'0"5N 

Height above mean sea level, 1123 feet. 

This spot was some distance from the central line, and i or 5 seconds 
of the 70 seconds of totality available were thus lost; but the loss was 
more than couiitcrlialanceil by the many advantages of being at a 
fixed observatoiy. 

6 Mficmilwival Coiahtum .—As regidar meteorological observations 
wore made at the Observatory, none were made by us. The day of the 
eclipse was the finest of our stay, and fine days preceded and followed 
it. On May 26, 27, and 28 the sun was seen to sot in the sea, and the 
“ green ray ” was lookeil for and seen by several oliservers. 

The disc, when near the horison on May 28, assumed remarkable 
shapes, of which the following four types were noticed by several 
observers;— 


D r\ ^ 




There was at times considerable wind, as M. Tripled had warned us, 
but the day of the oelipse was calm. 

7. Inttrumentn, dr.—(See separate reports of observers.) 

a Willesden canvas over wooden framework was used, and 

found very satisfactory, as before. 

Mr. Newall’s hut was designed for hie particular inatrumenti, mid 
the openings were obtained by leaving the canvas loose in the form of 
flaps, whioh were tied in the proper positions, either open or closed. 
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Profeaaor Turner’s hut was designed for general requirements, and 
has now been used, not only in this expedition, but as a transit hut in 
the determiiintiou of the longitude of Killorgliu by the staff of the 
Royal Observatory, Greenwich, in 1898. As it appears to satisfy the 
combtions, the following notes of its structure may lie useful to 
others:— 

It is a skeleton wooden framework filled in by a series of panels, any 
one of which is removable without ihsturbing any other by simply 
taking out two screws. The {wnels fomung the sides clrop into a 
groove ninning round the base, and two screws are sufficient to hold 
them at the top. h’or the loof panels it is the nppei edges which push 
into grooves along the central ndge, and the two fixing screws are near 
the eaves. 

The panels themselves are lecUngular wooden fiames with canvas 
stretched over them. For tiaiispurt, the sides are unscrewed, and 
then the canvas is rolled round the ends like a window blind. 

The screws which fix the stands in position in the hut terminate in 
rings instead of the onlinary screw heads, so that they can lie screwed 
up or unscrewed with the fingers instead of with a screw-driver, which 
may not be handy at the moment. 

It may be remarked that both the huts wore securely fastened 
down on this particular occasion, as the wind sometimes blew a gale. 

9. Asxuinnre —'fhe observers were nssistcd in the exposures as 
follows:— 

Mr. H. Wyles, of the Leeds Astronomical Society, counted seconds 
aloud from a metronome. 

Mr. J. Potter, of Leeds, carried fiom Mr. Newall’s hut the informa¬ 
tion of the setting of the Savart prism (which Mr. Newall was to 
observe during totality) to Ufajor K. O. Foster, who set the correspond¬ 
ing instrument in Professor Turner’s hut (see separate report of 
Mr. Newall). It was origuially intonded to shout this information, but 
as it was found in the rehearsals that there was occasionally difficulty 
in hearing, Mr. Potter undertook this conveyance ns a safeguard. As 
the event proved, his assistance was all important, for at the actual 
eclipse there was so much noise from other observers in the iieigbbouiv 
hood that the shout was not heard at all. 

Major K. 0. Foster, F.R.A.S, set Mr. Newall's savart between the 
eecond and third exposures, and at the same time changed the slit of 
Professor Turner’s polariscope. He also uncovered the plates for long 
■exposure soon after the beginning of totality and covered them before 
the end. 

Mr- F« L- Lucas, of Berkhamsted, made the exposures for Plrofessor 
TWner at the objective. 

Master Eric handed the plates, 

Mr. F. L Crawford, of the Inc^ Civil Service (who bad seen the 
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1898 eolipee at Berar), received the plates, recorded the times, and also 
exposed for 10 seconds the integral photometer. 

Mr. Lovett Henn, of Algiers, made the exposures with the grating for 
Mr. NewaU. 

Mrs. Xewall made oljaervatious of the atmospheric polarisation 
during totality. 

At 15 seconds befoie totality, as shown by the diminishing crescent 
of the sun, Pi-ofossor Turner called “Stand l»y at totality, “Start”: 
when Mr. \\’ylea counted from the motniiiome steaddy up to 80. 
Totality lasteil G4 or 65 seconds, and the extra 15 seconds was loquired 
by Mr. Nowall for exposiu^ at the second “ flash.” The signals were 
given with approximate correctness, though, by an oversight, no one 
timeil the interval Ijetweou the “Stand by” and the “Start.” 

The operations wore rehearsed several times on the day lioforo the 
eclipse, and once or twice in dumb show on the actual day. It'was not 
found possible to arriuige for rehearsals earlier; but, with the exception 
of the omission just noticed, everything went off at the time without a 
hitch. 

10. Tlte JJaii of ihf Echpsf .—Perfectly clear all day—no anxiety. 
The contacts were not oliserved by us with special care as we had much 
else to do, and olisorvations wore being made by the staff of the 
Observatory. M. Sy kindly supplied the following predictions and 
oliservations:— 

Preilictions. Oliservations. 

1st contact .. 3^ 17'" 91* 1 S'* 17'" 18' 

2nd .4 B9 25 4 29 27 

,3rd .. 4 30 .32 I 4 30 32 

4th „ ... 5 34 31 I 5 34 25 

Local moan tmie (12'" 8'"7 in advance of Q.M.T.). 

Lamps were not needed diuing totality. 

Owing to an accident (a signal being lost through noise made by 
others) the shadow was not observed. Major Kingsley Foster noticed 
the “ shadow bands ” on the white surface of the “ double tube ” near 
which he was stationed. 

Pakt 1L—Separate Report by Phoyeshor Turner. 

IntirummUal Equipment. 

W. The Chnicrtu.—The double camera used at Funditun in 1893 (by 
Sergeant Kearney), and at Sahdol in 1898, was modified on the present 
ocoaaiou. One of the 7 x 7'iuch tubes contained, as before, the jdioUy 
heliograph objective No. 2 of 4-inch aperture and 6 feet focal length, 
with a Dallmeyer secondary magnifier of 7^ inches focus ^aoed 
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S inches within the focus, giving an image of the sun inches in 
diameter; but the “ Abney ” lens was 1 x 4 longer luwl in the other 
tulMJ. It had Iwen dpcided by the Joint Permanent Committee to dis¬ 
continue the separate use of the two Abney lenses, and to recombine 
them into the original doublet, which Mr. Davidson was to use in the 
expedition organised by the Astiouomei Itoyal. Hence the other half 
of the double tube camera was set free, and it was utilised to good 
effect by arranging bro])olan 8 (opic tninonw to give images on the same 
plate, a diagonal partition dividing the square ttd )0 into two. One 
instrument was arrangeil by Mr. Newall, ami is desciibed by him. 
The other was similar to the apjmratuH usc<I by me in India m 1898, lint 
with improvements in detail as descrilied below The double camera is 
furnish^ with six plate holders, each diking two plates of 160 x 160 mm. 
(as in use for the Astrugraphic Chart), both plates lan'iig exposcil by a 
quarter turn of one shutter. 

Alongside the double tiilie two other cameras wore arrange<l for 
single exposures during the greater |Mi)t of totality. One was a por¬ 
trait lens of 0^ inches aportnic and 30 inches focus, stopped down to 
y/ 8 ; the other was a snndl pohunscopic camera, clcHcrdiod liclow 

12. Thf ('(ulotJot. —All these cameras were pointed dounwaicls at an 
angle of 18'' with the horizon, m a/irauth 42 west of south, to the 
lO-inch ccclostat used in India in 1898. The mm or of this instrument 
was made by Dr. Common. It was silvci-od and sent out to Algiers 
by the Improved Klectric Olow Ijamp Company, and had a veiy fine 
surface. The mounting and clock of the instiurocnt were maile by 
Mr. J. Hammersley, from designs by Dr. Common. A steadier mount¬ 
ing is desirable on future occasions, though the present arrangement 
works well when there is not much wind to cause vibration. 

IS. The rolaiwopet .—The arrangement used iii India was as 
follows 

(A) Objective, 3^ inches apurtnio, 18 niches focus. 

(B) Slit, of width 0-2 inch, in cardboanl. 

(C) Collimator, IJ inches apeitnre, 6 J inches focus. 

(D) Bhomb of spar, 1 inch aperture (clear). 

(£) Camera, 2 inches aperture, 9 inches focus. 

On the present occasion (E) was sidwtituted for (A), which was of 
inconvenimt width for the spue at disposal. The primary image was 
thus reduced to half the size; but this had the advantage that a largei’ 
part of the image fell on the slit, the width of which remained thu 
as before, being govenied by the focal length of the ooUhnator 
and the angular separation of the images by the ihomb. The colli¬ 
mator (C) and the rhomb (D) remained unchanged, but Hie camera 
lena (E) was now a photographic objective of 1 | inches aperture and 
^ Indus focus, mado speoially I 7 Messrs. Cooke and So^ of York. 
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The plate holder was of course that of the double tube, as above 
explained. ^ 

The slit (B) was nrruiig^, as in 1898, in two portions, but was on 
this occasion made in brass. 

The slit and rhomb wore connectotl by a bar, and could lie rotated 
sympathetically They were set at such a position angle that the 
lines of the image parallel to the slit con'ospoiuled to vertical lines on 
the corona; but this sotting u'as foiuid after the eclipse to lie not quite 
accurate. The setting was not changed during totality, but the slit 
was movml in the direction of its length, so as to give a different part 
of the field lietweeii the second and thn<l exposuies. 

The small polanscope exposed sejiaratoly resembles the objective 
prism spectroscope as opposed to the slit spectroscope. The reason for 
adopting the slit spectroscope foini for the instrument above desoribeil 
is that the angular separation of images given by the large rhomb 
was not large, and if this ihoinb had lieen simply placed in front of 
an objective, one image of the corona would have seriously overlapped 
the other. But a small rhomb (kindly lent mo by Mr. Nowall) gave a 
separation of 3^°, so that when the coiona was viewed through this 
rhomb and an objective the two images polarised in perpendicular 
planes wore clearly separated, though each was projected on the sky of 
the other. To cut out the sky Imckgrouiuls, a slit, of 1 inch aperture, 
WHS placed 15‘7 inches in front of the rhomb. 

Iii'tfrmnfHfal Ail/wthiumls, 

14. AdjuAnwnt of Vwlosttit —llie adjustment of the polar axis was 
made ns described in the Report on the Japan Expedition,* by pieans of 
the attached declination theodolite. This was a new one, by Messrs. 
Troughton and Simms, of rather smaller siso than the others, with a 
3-inch circle reiuling to T only When the throe eclipse ccelostats 
were constructed, theodolites wore only supplied with two of them ; 
and as in 1896 and 1898 there were two cielostats at the some station, 
one theodolite sulficed for adjusting the two. But this arrangement 
was only provisional, and on the present occasion, when all three 
coelostats wont to different stations, it became necessary to provide 
the third theodolite. From previous experience 1 judged t^t the 
smaller siso would be sufficient for the purpose. 

The following observations will sufficiently indicate the state of 
adjustment, those with the level being made on the meridian and 
compared with the known latitude, so as to give the same sign to the 
errors as the sun observations;— 


* Monthly NotieM, B.A.B.,’ vol. 67, p. 101. 
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D»te. Suu’i H.A. Oba. deol. Tab d«ol. O—C. 

May 22 . -30 +20" 17' +20'20' -S' 

ObaervHtfon with level -1 

May 29 . -10 +21" 36’ +21 35' +1' 

Oltaervation with level - 1' 


. On the present uccHsion the cieloatat wag not blocked with wood a& 
in India; bnt it was found liable to slight vibintiun, and a firmer sup¬ 
port should 1)0 provided fur future eclipses. 

16. 7W/ of Mm 01 .—The time available for prcxiarntioii was so fully 
occupied that no specuil oliservations for tilt of the mirror wore made> 
but in India theie was found to lie no appreciable tilt. 

16. Forumng of TeUi^topfs .—The method adopted for the photohelio- 
graph objective and magnifier was that doacnbed in the Keport on the 
Japan Expedition.* 'The position found was very close to that found 
in previous expeditions. The object glass was unscrewed a quarter 
turn, t.c , 0-02 inch, differing 0 02 inch from the position in 1898, as 
indicated by a wooden gauge 

The polariscopes wore focussed on a distant view (a clear view of 
7 or 8 miles across the bay was on this occasion av.ulable) through 
blue glass 

The portrait lens was first fociisbod by blue glass, and then three 
photographs of the distant view were ohtoincd, which gave the focus 
sharply. 

A focussing eye-piece made in blue glass, kindly lent by M. Trdpied, 
was found very useful. I do not know whether this simple and con¬ 
venient apparatus is well known, it is made by Hermagis, ol Pans. 

17. Progixtvime of OOm wtioni with iMmhle I'oiw —The six slides of 
the double tube camera were filled with “Ibxikot” plates; four of 
them only were to lie used during totality, the others being available 
for supplementary short exposures if time should allow. As it turned 
out, tboro was no time for more than the four, and the others wem 
exposed just after totality. The actual exposures were as below 

Time in tM-ate from 

Exposora oommoucomout Tune in 

Ha of Aide, id ceoonde. of totality. eeeondr. 

1 1 6—7 5—6 

2 6 13-18 12—17 

(Setting of Savart and slit lietwccii these.) 

3 19 31—61 29—48 

4 8 56—60 62—67 

End of totality 66 62 

6 1 68—69 64-66 

6 1 76-76 71—72 


• ' UoatUr Notioe*, S.A3V voL (7. p. 105. 





334 Prof. H. H. Turner and Mr. H. F. NewalL 

The times after totality are diminiibod to get true leconds. The 
numbers in the third column are lieata of a metronome, which, though 
adjusted beforehand, changed its rate, perhaps owing to the fall of tem¬ 
perature. Just after totality it was found to beat sixty-three times to 
the minute. Further, the word “ One” was called on an actual beat 
which came aliout 0 5 second after the word “ Start” (signifying the 
commencement of totality) had lioon calleil. This signal was given by 
me from a direct olwervation of the disappearance of the crescent, and 
agreed well with the olisorvations of others. The signal for 1 ^ seconds 
liefore totality was given to Mr. Nowall by watching the length of the 
disappearing crescent on the focussing glass of the camera, and was 
approximately correct, though by an oversight no one observed the 
interval; but after giving this signal, as I found the direct light of the 
crescent did not hurt the eyes, I watched that in preference to the 
image on the glass. I m.iw the complete ring of the moon’s disc quite 
10 seconds liefore totality, and from that moment the corona seemed 
to grow out from the limb in a most beautiful manner. 

18. 1‘iofiiiiiiiiiif for thr Polniuroju’s .—The two polariscopes mounted 
in the double tulio had of coiune exactly the same exposures as above. 

Ttetweeii e-xposures of shdes 2 and 3 the Nicol prism and Savart 
plate of Mr. Nowall’s polariacopic apparatus were rotated by Major K. 
0. Fostei to the reading indicated by Mr. Nowall’s eye observations; 
and the slit of my apparatus was also moved by Major Foster to the 
second position, so that the second pair of photographs gave a different 
part of the corona from the first. 

'The smaller polariscope was exposed from 5 to 60 seconds, coimting 
from the lioginning of totality. 

19. Progtnmmi' for llie Pmiunt Lrut.- —A .Sandell triple-coated plate 
was exposed in this instrument. The exposure was made by Major 
Foster from & to 60 seconds, counting from the beginning of totality. 

20. The Sfamliud SqiKnee. —On the six plates in slides, 1, 2, and 3, 
SirW. Abney’s “standard squares” were impressed for photometrie 
observations of the corona. The exposures were to a standard candle 
at 6 feet from the plate, which is approximately twice as bright as the 
full moon. Assuming the brightest part of the corona to be as bright 
as the average surface of the full moon, the exposures to be given to 
the candle were calculated as follows:— 

An image of the moon in the Dallmeyer levs of 4 inches aperture 
would lie inches in diameter. The illumination of the object glass 
is thus concentrated— 

(4/lJ)> times - 7 times. 

Hrace the brightest part of the corona will affect the plate about 
seven thnes as much as direct moonlight, or three and a half times as 
much as a candle at S feet. 



356 


Tatal Solar Ediptt of 1900 {May 28). 

Hence to compare with a 1 second exposure to the corona through 
the lens, we should expose the plate to the candle for 3^ seconds. Since 
the faintest of the standard squares obstructs some of the light, and' 
since it is advisable to have an exposure on the plate from the standard 
light rather denser than the densest part of the image, the plates 
ih slide No. 1 (to be exposeil 1 second to the corona) were oxpos^ for 
6 seconds to the candle. 

Those in No. 2 (to he exposed 5 seconds to the corona) were exposed 
for 40 seconds to the candle, and those in No. 3 (20 seconds to 
corona) for 2^ minutes. These exposiu^ are even longer, relatively, 
than No. 1 ; but on previous occasions the squares hiul not Iieen 
dense enough, and it U'as considered advisable to make sure of going 
beyond the point required. 

21. Uv of Grrrn Seifrn. —In slide No. 4 a colourerl glass screen, 
kindly provided by Mr. Shackleton, was placed in front of the plate, 
with a view of obtaining information on the distribution of curoniiim 
in the corona by comparing a photograph taken in green light with 
the others. But owing to the following circumstance this particular 
experiment was not a success. The plate should of course have been 
one sensitive to green light, and some Cadett *' spectrum ” plates wore 
taken out to Algiers for the purpose. They were whole plates and 
required cutting down to fit the ehde. In the stress of other work the 
expenmont was forgotten until an hour liofore totality There was 
still plenty of time to fill the slide, and I went to the dnik room to do 
so. But the circumstances were scarcely favourable for manipulating 
the diamond in the dark, as these plates require. I'ho first plate broke 
and cut m^ finger, not sorionsly, but enough to hamper me, so that I 
had no lietter success in cutting another plate. Indeed, after one or two 
attempts I had to give it up. It seemed just worth M’hile putting 
in a " Socket plate behind the green screen, hut there was very' little 
on the plate when developed, and the experiment was on this occasion 
of little or no value. I am sorry to have lieeii unable to do justice to 
Mr. Shackleton's kindness in providing the screens, and hope that on 
another occasion I may make better use of them. 

22. An Inieynil I’Jtolotnrlfr, —To obtain on estimate of the total light 
given by the corona, an Ilford “ Empress ” plate was exposed to its 
light for 10 seconds, in a small cameia from which the lens had been 
removed, so that the corona shone directly the plate, but side light 
was excluded. On the same plate standard squares were impressed by 
exposing it to the candle at 5 feet, as in g 8. The exposure given to 
tile candle was, by an oversight, not recorded, but was either 10 or 
20 seconds. The oversight was discovered before the eclipse, and 
another plate from the same batch was exposed to tiie candle and 
squares for 0,10, and 20 seconds, and developKl in tile same dish. Iltt 
effeet of the cortma was, however, (xmndenhly greater than tiiot 
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of the 20 secondfl’ exposure through the thinnest of the square 
screens. 

23 DfVflopmeni —The plates in slide No. 1, and the corona picture 
of slide No. 2 (1 second), wore developed with amidol. also the plate 
exposed to the integral photometer mentioned in § 12. All the others 
with metol. 

PxnT III —Skparate Rki-ort by 11. F. Newall 
§ 24 7’/w Fout-fntsni SjMtftovope with Sltt. 

It was intended to attempt— 

(i) To secure photographs of the bnght-b'ne spectrum of the sun’s 
limb at the beginning and end of totality, five photographs at 
the beginning, six at the end 

(li) To photograph the spectrum of the corona m two separate 
regions of the corona. 

It had lieen decided not to attempt to dotormino the velocity of 
rotation of the coiona, for the duration of totality was not long enough 
to give satisfactory images of the lines in the spectrum of the corona 
at such distances from the limb as would ensure some measure of 
certainty that the observations would not deal with the local disturb¬ 
ances known to exist near the chromosphere. 

The instrument arranged for the purposes above mentioned is a four- 
prism spectroscope with a single slit It was used by the writer in 
India, at Pulgaon in 1898.* The only changes made in it were that 
(i) only one slit was used instead of two; and (ii) one of the prisms 
which had been found to give imperfect definition on account of want 
of homogeneity in the glass had been replaced by another prism. The 
prism box and tram of prisms bad been used at the Cambridge 
Observatory for a star spectrograph, and were dismounted, for use in the 
eclipse, after the completion of certain observations of Capella. 

'^e train of prisms is of such dimensions and construction as to 
transmit a 2-inoh beam of hght, and to produce a minimum deviation 
of 180* for n^. The collimator and camera are set parallel to one 
another. * 

The whole spectroscope is mounted so as to turn about an axis 
parallel to the collimator. The axis is rotated (with a period of 
twenty-four hours) by clockwork, and is tilted so as to be parallel to 
the earth’s axis. In this position the eollimator points to the north 
pole, and the camera to the south pola , 

The tube of the collimator is prolonged beyond the plane of the slit, 
and is arranged to carry at its end a mirror of speculum metal and an 

• 'Bejr. Boo. Fioe./ vd. S«, p. 66. 
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object gUue, by meuM of which an image the aon can be thrown 
upon the slit 

The whole arrangement thua oonaute of a apectroacope oomfained 
with a polar hehoatat and in virtue of the fact that the apectroacope 
IS rotated together with the mirror, the image of any celestial object 
thrown upon the falit does not lotite rel itively to the slit liur^r 
more, the mirror is moiintorl in anch i manner that the axis about 
which it can be tilted—namolj the declination avia can bo oriented 
relatively to the eollim itoi tube ao that any di imeter t f the aim may 
be set parallel to the aht 

A special plate holder whi> designed for use in ilgiera in order to 
facilitate the rapid ohuige of plates It was cbai^ged with twelve 
{dates, Axed film outwaids on the outside of t cylinder (2 inches in 
diameter), whose axis was sec pur dlel to the foeU piano of the camera 
and in the plane of rbsporaion fiee to turn inside a sbghtly larger 
coTenng cylindrical case The arrangement was turned by hand, and 
worked admirably well It is, however, only buitable for narrow 
■peotram plates, and might be used with very small alteration for a film 
<m celluloid, such as is used m hand cameras of the Kodak type 
The hnear dispersion m the photographed spectrum is about 14 tenth 
metres per millimotte it The width of the aht wis adjusted to 
(bOS mm by a difiVaotional method » 

The scale of the photograph is such that one degree on the sky 
oorrespoiids to about 9 mm on the plate 
The effective aperture of the combination reg irded is an instrument 
for producing monochromatic images of a slit-shaped region of the 
oorona la/yiO 

The adjustment of the axis of the instromi nt to parallelism with the 
earth’s axis was accomplished in the same way as in India by means 
of a theodohte with declination circle and level, which was attached to 
apart of the frame of the spectroscope specially prepared for it 
Pre^amme of exposures, &c — 

I Speettum of fbr S«»’« Limb at ilu JiiiinHiaf of Totality —Five 
exposures were nude in 7 seconds, Iteginmng 3 seconds before Piofesaor 
Tiuner’s signal “ Start ’ was oaUsd, and ending as Mr Wyles called 
the “ fifth ’ beat of the metronome 
BesuU — The developed photographs show that the first plate was 
exposed at exactly the nght moment to catch the spectrum of the 
«fluh ” It 18 filled with bright hues, and shows the part tA the 
speetmm between H; (3900) and (4861) The best part of the 
qpmbmm is that between wave lengths 4100 and 4660 
jBl the other four plates show bright Imes, but the fall m the 
Bupber of them u very abrupt between the firat and the aecbnd platea 
ix. ^ptetma of the Coiona —Sax seconds after PrhieHm Tamar’s 
stjpial “ Start ** a plate waa exposed f<Hc the spectrum of the oorema, and 
yoi. torn s n 
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the expomire was oontinaed for 49 leconds, ending when Mr. Wylea 
called “ fifty-five.” 

liemU —The developed photograph shows the spectrum of the 
corona in two regions situated at the ends of a chord whose length ia 
approximately equal to the radius of the moon’s image. 

The radial extension is even less than in Captain Hills’s photogra;^ 
taken atPulgaon in 1898. There is an abrupt fall in the mtensity of 
the marked continuous spectrum at about 2}' from the limb, and at 3^' 
from the hmb the spectrum is invisible. 

In the preliminary examination of the spectrum none of the ordinary 
Fraunhofer lines have been detected, a fact which is of remarkable 
import when considered in connection with the intensity of the 
polarisation of the light emitted from the corona. (See below, p. 364.) 

In one of the spectra the hydrogen lines are very strong, vis., 

Hp Hi, H«, and H<. In the other they are barely visible, Hy appear¬ 
ing only very close to the limb, and not extending more than about 
a quarter of a minute of arc. The helium lines are strong in one and 
barely perceptible in the other. In one the calcium lines H and K are 
intensely strong and broadened, though the edges are defined and the 
lines very much shifted towards the red end of the spectrum; in the 
other, the H and K hnos aie weak and well-defined naiiow lines. It is 
important to qote that the shift of the broad calcium lines is in the 
dilution that one would anticipate if pressure were the causa of the 
broadening and of the shift. Whilst it seems clear that the presence 
of the hydrogen, hehum, and calcium linos in one and not in the other 
(d the two regions of the corona whose spectia have been photogiaphed 
is probably due to a prominence, this explanation is difficult to recon¬ 
cile with the signs of pressure above referred to. 

There are several bright coronal lines discernible in both spectra; 
and in the neighbourhood of one of the bnes, vis., that of wave¬ 
length 4331, there seem to be two dark lines, apparently the only 
absorption lines visible in the spectnim. 

III. Spedrum of Otf Sim’t Lmh at the End of Totalttp .—^Immediatdy 
after the end of the exposure of the plate for the spectrum of the 
corona, the image of the corona was readjusted on the slit, under 
unexpected difficulties however on account of the faintness of the 
li^t. Ml. Wyles called “ sixty-four ” as I reached the platform again 
to make the exposures, and the exposures were made as follows:— 
Plate No. 7 at 60 

» 8 „ 66 

» 9 •> 67 

10 „ 68 
,, 11 69 

„ 13 „ 70 

and I gave the signal to Mr. Hetm for his last exposure at 71. 
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It was found later that the faintness of the light was caused by a 
dark glass in front of the oye-piere, which was used for viewing the 
image on the slit, lliis was needed in the first exposures, hut should 
have been removed by turning the hinged glass aside. It is evident 
from the photographs that the image was improperly adjusted in 
eonsequence of the faintness of the light; there is no impression on 
the plates. 

The results obtained with the four-prism spectroscope may bo 
summarised os follows * Five photographs of the spectrum of the 
vapours near the sun’s limb at a fixed point, and a photograph of the 
spectrum of the corona at two points widely separated near the sun’s 
limb. 


§ 26. I'lw Vliofogiiqtlih Cameni irith Lttrgr Uh/irtnif Oitifmg. 

Visual olMorvatiuns of the green coionol ring -made at Pulgaon, 
India, 1898, January 22,* convinced roe that the ring could have been 
photographed with the objective grating and telescope then used. 
Accordingly preparation was made to attempt a photograph with a 
large grating at Algiers. For this purpose, use was made of a plana 
grating by Howland, H,438 lines to the inch on a ruled surface 
6x3^ inches, fitted on an axis in front of a telescope of focal length 
68 inches and aperture 4 inches. The grating is a very brilliant one, 
and is ruled on an uuiuually fine-grained piece of sjieculum metaU 
The object glass is an excellent one by Cooke and ijons. Both of 
these belong to the splendid spectroscopic installation arranged by the 
late Professor Piasxi Smyth, wth the aid of contributions from the 
Government Grant. The installation is now set up at the Cambridge 
Observatory, having been put at my disposal for spectroscopic investi¬ 
gations by the Soyal Society. I am thereby put under a great obli¬ 
gation to the Society, and I venture to take this opportonity of 
making acknowledgment of it. 

In the recent eclipse the sun waa about as far to the north of the 
celestial equator as it was to the south in the Indian eclipse of 1898 ; 
accordingly the grating and telescope could be mounted in almost the 
some relative positions in Algiers as in India; it was only necessary to 
reverse the positions along the polar axis, and arrange that the tele- 
soope pointed towards the south pole instead of the north. Accord¬ 
ingly the instruments were mounted so that the telescope was parallel 
to the earth’s axis and pointed downwards towards the south pole. 
For the purposes of taking photographs this position was extremely 
(XHivenient. 

A strong wooden bridge or yoke was fitted to the object glass end 
of the tube of the telescope, and projected in front oS the object glass 

* Tiaf, Boo. Pros.,’ vol. 64,p. S81 and ' Ifen. Not., KAJS^ vcl. App., p. (K), 
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at Buch a diatance from it that the grating could be mounted free to 
turn on a spindle passing through the sides of the yoke at right 
angles to the collimation axis. A small brass cup or socket was 
attached to the middle point of the yoke so that it lay in the axis of 
collimation, and it was made the lower iMsaring, by which the whole 
instrument was Bupporte<l on a pointed pivot, fixed, ivith a small 
amount of freedom for adjustment, on a low pillar of brickwork. The 
upper end of the tulie of the telescope rested on antifriction rollers, 
supported on the west side of the higher pillar of brickwork, which 
also carried the four-prism spectroscope. Thus the polar axes of the 
two instruments, v u., the olijcctive-grating camera and the mounting 
of the four-pnsm speetroaco{)c, weie side by side , and it was not a 
difficult matter to link together the two mountings by moans of a 
connecting lod, an that the same clockwork should drive both. Each 
mounting was connected l>y slow motions with the one clock-driven 
sector, and so each could bo adjusted relatively to the sun without 
disturbing the other. The arrangement worked admirably. 

The light of the corona was incident on the grating at an an^e of 
about 65’, and the diffracted 1>oam utilised in the telescope left the 
grating at an angle of aliuiit 13° 40'. lu this position of the grating 
the green of the second order was used and the magnifying power of the 
grating was a little greater than one-half, so that the coronal ring was 
^storted into an ellipse, in which the major axis was perpendicular to 
the length of the spectrum and parallel to the direction of daily 
motion. 

The axis of the instrument having been adjusted to parallelism 
with the earth's axis, it remaiiied only (i) to set the grating so that 
the coronal ring should appear in the middle of the field, and (ii) to 
focus the instrument. Neither of these operations could be done 
satisfactorily before the eclipse, that is, liefore the diminishing crescent 
of ^e sun made it poesiblo to recognise the exact position of the 
spectrum in the field of view. Ten minutes before totality the dark 
lines were indistinctly visible in the spectrum, and a glance showed 
me that I had had an extraordinary stroke of good fortune in the 
rough setting of the grating, an operation which had been done by 
turning the grating till I thought the colour of the green was about 
right for the background of the magnesium lines. For the lines were 
only slightly displaced from the centre of the field, and the adjust¬ 
ment for the part of the spectrum required in the photogrs|di wm 
practically correct to a nicety. Accordingly no further ^justment 
was attempted. Two minutes before the beginning of tot^ty tlie 
crescent was fine enough to show the dark lines in the spectnim vflVy 
distihetly, a somewhat bewiktering nrrsy of interlacing elliptioal 
erciAieiits, and ^ focussing was accomplished with ease. Mr. Ham 
then took charge of the instrument, and put a dark slide in ooiithm» 
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and adjusted the exposing shutter. I am very much indebted to him 
for his admirable precision in carrying out the programme of ex¬ 
posures. 

The programme was carried out as follows:— 

Three plates wore oxpoeerL 

Plato X, 1. For the brightest chromospheric lines, at the l)egiiining 
of totality—a short exposure, al)out 1} seconds. 

This plate was to be exposed at the signal “ Start,” given by 
Profoasor Turner, and was to be clos^ between the time¬ 
keeper’s calls “ one " and “ two." 

It was actually exposed at the signal “ Start,” and closed at 
the time-keeper’s call “ three.” The time-keeper foimd that the 
first boat of the metronome after “ Start ” came so soon that he 
did not call “ one,” but called the next beat “ two ” without 
caUing “one” at all. The exposure was thus probably 
2^ seconds. 

Plate X, 2. For the green coronal ling—a long exposure, about 
40 seconds. 

This plate was to lie exposed as soon after Piste X, 1 as the 
change of plate holdcts would allow, and was to be closed, at 
the call “ fifty-five.” 

It was actually exposed at “ nine ” and closed at “ fifty-five,” 
and thus hud an exposure of almiit 46 be.vt8. 

Plate X, 3. For the Fraunhofer lines immediately after the end of 
totality for corapatison with any chromospheric Imos that might 
appear on Plate X, I. 

This plate was to l»e exposed when I gave the signal " Now," 
and was to be closed 1 second lator. 

It was actually exposed at “ sovouty-one,” and closed at 
“ seventy-two.” 

BmUtK—The Plates X, 1 and X, 3 show faint images, but have not 
been examined carefully yet; a cursory examination shows that (a) 
only a single chromosphenc line appears on X, 1 j and {!>) continuoua 
speotarum appears on X, 3, bnt no nunhrd coronal ring is discernible. 

Plate X, 3 is a strong spectrum, showing the curved Fraunhofer 
lines between wave-leng^s 6060 and 6460; the linear dispersion on 
the plate is, roughly speaking, 6 tenth-metres per millimetre. 

Jfemnrfaf.—In an echpso with longer duration of totality, the pro¬ 
cedure here described ^ould give results for the green coronal 
rifig. The plates used were Edwards’s Isochromatio Snapshot ptatea 
It should be remembered that tiie effective aperture of the camera, 
Ttt, a little less than F/17, was rather dangerously small. 
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§ 26. TTh! Poiariteopie Ccmum (Savaii Platen atid Nieci Prism). 

The glimpses of the oorona that I was fortunate enough to get in 
India in 1898 through a small Savart polariscope convinced me that 
that instnunent, if properly used, would give just the information that 
is wanted to decide some of the perplexing points that still survive in 
the spectroscopic and polariscopic study of the corona. The chief 
objection is that the phenomena are far too complicated to study by 
eye observations in the short time at one’s disposal in an eclipse. 
Here is a case in which photographic methods should certainly be 
adopted if possible. Shortly after my return from India in 1898 I 
made some experiments to tost the feasibility of photographing 
Bavart’s bands, and mot with such promising success that no doubt 
was left in my mind that a photographic record of the distribution of 
Savart bands over the corona would give goorl tesults in supplement¬ 
ing the work which Professor Turner has in recent eclipses been 
carrying out in studying the polariscopic phenomena of the corona. 
Accordingly when I was asked to take part in the observations of the 
eclipse at Algiers, it seemed well to make arrangements to prepare a 
polariscopic camera. 

Professor J. J. Thomson very Idndly put two largo Niool prisms at 
my disposal. The aportuie of these prisms is Ig inches. It was thus 
possible to use a lens of a focal length of about 3 feet, if suitable 
Savart plates could be found. On making the necessary calculations 
I found that the plates would have to be 10 mm. thick, cut in quarts 
at 46’ to the axis of the crystal. A pair of such plates would give 
bands of the desired closeness, vis., aliout 10' apart, instead of the 
usual 1° or 1° 30'. Fortunately Mr. Hilgor was able to cut a slab, 
from the sloping top of a quarts crystal that I had in my possession, 
large enough to make two plates, each 14 mm. thick, of circular 
section, and with a diameter of 39 mm. (Ij^ inches). The whole slab 
was worked and polished with plane parallel surfaces, so as to secure 
equality of thickness, and was then cut into two parts, which were 
eombined in the usual manner. 

The figure shows diagraramatically the arrangement of the camera 
with the Savart plates and Nicol prism in front. The lens was a 
3|-inch lens of focal length 40 inches. The aperture was reduced to 
inches, or approximately F/27 for central pencils. The Savart 
pUtes were fixed to the Niool prism so that the bands were parallel to 
the plane of polarisation of the 14[ht transmitted by the Nioed. The 
whole system was arranged so that it could be rotatkl on its axis into 
any dedred position, and a pointer was provided so that the positioa 
«o^ be read off a large circle. 

In discussing with Professor Turner the arrangements lor the 
warioHs items in the programme of obeervarions to be carried onlv he 
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very kindly suggested that the parts of this apparatus should be put 
into one of the compaitments of the “ double tube” alongside of the 
•other polanscopic apparatus which he had himself arranged I fell in 
with this suggestion very gladly, and the paits were taken to Algiers 
to be fitted there It leqiureil very careful arrangement to get the 
two lots of ipparatus into the tube, but in the end it was sucoossfnlly 
accomplished, and Professor Turner mide the exposures for the Savart 
camera simultaneously with those for his own polanscopic and other 
cameras fhe peturos obtained with the Savart camera aie on the 
same pUtes with the pictures obtamed with Professor Turner’s double 
image polanscopic camera 

The general procedure with the Savart camera was to be as 
follows —The Savart and Nicol were to be rotated until the bands 
due to the plane polansation of tho sky in front of the corona were 
extinguished, and photographs of tho corona were to be taken But 
It was not possible to look through tho camera itself m order to make 
the adjustment “ to extinction, ’ foi this would have interrupted tiie 
exposures for sU the other instruments m Professor Turner’s charge 
Accordingly a subsidiary Savart polanscope was provided, which I 
may call the visual Savart to distinguish it from the camera Savart 
The visual Savart was set up in my hut, with pointer and graduated 
circle attached, and the sero and numbenng of the scale wore adjusted 
so that the readings corresponded with those of the camera Savart, 
account bemg taken of the fact that the sky was seen in the camera 
by reflection from tho coalostat 

The programme of exposures was as follows — 

1 second, 5 seconds, 20 seconds, 6 seconds, 1 second 

The first two were made wiUi an arbitrary settmg of the Savart, 
and the setting ohosen was approximately that which would oonespood 
to extinotion cl bwids due to vertical polansaUon Meanwhile 1 had 
•detamuned the plane of polansatum (d the sky in front of the oorona 
by obeervattoni with the visual Savart, made tmmediately after the 
«xpoeurea with the fourpnsm spectroeoope were n fu- completed that 
:the long expoeum for the oorona ipeetnim was begun, vu, 6 eeooiids 
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after the signal “ Start.” &Ir. Potter, standing by me, received the 
reading resulting from my observations, and earned it to Professor 
Turner's hut, and Major I^gsley Foster adjusted the large Savart to 
the corresponding reading, and the third exposure was begun. 

The camera Savart was loft with the pointei at 10" for the rest of 
totality, no attempt being made to test the permanence in the position 
of the plane of polansation of the sky as the total phase of the eclipse 
passed over. 

Remltf —The lesulting photographs show strong bands over the 
ciHvna. A cursoiy examination discloses the following results:— 

No. 1 1 second. Coronal extensions discernible as far as 10' or IT 

from the limb 

No atmospheiie bands visible, but obvious bands oier the corona. 

No. 2. 6 seconds. Coronal extensions as far as 86' from the 
limb. 

The planet Mercury appears on the plate 

Atmospheric bands are visible, very faint, on the following side of 
the sun, extending 4° 40' from the limb, but are not visible on 
the preceding side near Mercury. 

No. 3 20 seconds. Coronal extensions 63' in Nj> streamer. 

„ „ „ „ 62' in 1^ streamer. 

„ „ „ „ 70' in N/ streamer. 

Mercury very strong. 

Atmospheric Iiands visible to the edge of the plate on both sides. 
Strong bands oier^the corona. 

No. 4. 6 seconds. Coronal extensions 36’ from the limb. 

No atmospheric bands visible on either side. 

Noe. 6 and 6. Not examined. 

The existence of the image of Mercury on the plates will be of 
great value in determining orientation in the polarisoopic phenomona 
as well as in the corona. 

The strong bands u>et the corona indicate that a considerable por- 
thm of the light is polarised. There are irregularities in the bands 
wfaioh seem likely to afford interesting study just in the way that was 
antkipated. 

The atmospheric bands faintly visi Me on the plates are almoet oertainly 
doe to imperfect adjustment of the Savart to extincrion, arisiiig from 
isaro WTors, ; they might be due to a dumge in the position ol the 
^Mie of polarisation of the slgr after the initial setting of the Savart. 
Imahy ease they are very feeble, and it is elear that it woold be vrelW 
If ever the expwiments are repeated, to <rin» at imperfeotadj««taaiil» 
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so that the (ttmospheric bonds moy be in opposite phose— 1 .«., with 
black central band—to the cwonal bands. 

By a very fortunate accident just such an imperfection has arisen in 
the case of the plate No. 3, for the br^ht bands on the corona fall on 
dark atmospheric bonds. It might lie that the curvature of Savart's 
bands, which theoretically exists, misleads one; but a tolerably careful 
examination of the faint bands shows them to lie sensibly straight in 
the limited field dealt with, and the antagonism of the bands leaves no 
possible doubt that the Itands seen on the corona are due to the polari¬ 
sation of the corona. 

It is diflicult to reconcile the marked polarisation evidenced in this 
investigation with the absence of Fraunhofer lines in the spectrum of 
the corona. 

Across the dark moon no atmospheric liands are discernible, and 
there appears to be no doubt that photographically the dark moon is 
darker than the sky. Those are points that need explanation. An 
investigation of the real facta would lie difficult, but none the less 
interesting; for the idea suggested by much of the evidence along 
different lines is that some of the light which is usually attributed to 
the sky may come from beyond the moon. For instance, is a milky 
sky on a moonless night simply the residt of starlight scattereil by 
the {Rucessea producing scintillation, or are other causes at work 1 


§27. AtiiuMjtftme Poiatf¥ituiH. 

Preparations had been made that a systematic survey of the polarisa¬ 
tion of the sky shoiUd be undertaken during the eclipse, with a view 
to determining the plane of polarisation in i arious quarters of the sky, 
a more precise knowledge of the general distribution of polarisatimi 
being needed for the explanation of some of the anomalies that appear 
to have been observed with respect to the atmospheric effects in pw- 
vious eclipses. 

Nine ^vart polariscopes were mounted in similar turning tubes, 
provided with pointers and graduated circles, and attached to wooden 
stands. The stands were arranged so that each earned two polari- 
soopes; one pointed to the horizon, the other to a point 30° above the 
horizon. The four stands were fixed on the top of a tall box on the 
balcony of the equatorial coud4 which M. Tr^pied had kindly put at 
OUT disposal. The pulariscupos were direct^ towards Uie four 
quarters of the sky, N.E., N.W., S.W., and S.E. During the eelipsb 
^ sun was at an altitude of 30°, and only a few degrees uorUi of 
irest; Uius tile polariscopes were directed to points newly sysunetri- 
Mlly disposed with regard to the sun. AH the Savart pistes were 
6tced relatiTtiy to tiie Niool prisms, so that the bands were parallel 
to titeptene of pedarisation of tiie li^t transinieted by the Niools. 
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The ninth Sarart polarucopo wue mounted in a turning tube witii 
pointer and circle complete, on a board which was screwed to an 
inclined block on the western doorpost of the hut which contained my 
apeotroecopio apparatus. It was pointed towards the corona, and was 
in fact the visual Savart used by myself in the way desonbed in the 
previous section (p. 363) for determining the position of the plane of 
polarisation of the light from the sky in the immediate neighbourhood 
of the corona, so that the camera Savart could to adjusted accordingly. 
The polariscope hud loon loft in position with the bands horisontal 
and the pointer at 90°. Six seconds after the beginning of totality I 
left the spectroscope and looked through the polariscope. The eclipsed 
sun was slightly (perhaps 6") to the north of the centre of the field of 
the Savart. Tho bands wore seen fairly strung over the whole field 
of view, the central band lieing lilaok. The Savart was then turned 
counter-clockwise, until the bands were extinguished. The reading 
was foiuid to bo B° on the scale arranged to correspond with that on 
the largo Savait in Professor Turner's hut. This reading showed 
that the plane of polarisation of tho sky in front of the corona was 
inclined at un angle 4° to the vertical re^ counter-olockwise from the 
vertex. (There is possibly a isero error; it has not yet been deter¬ 
mined.) When the atmospheric bands were extinguished faint traces 
of bands were seen over the corona, but much less strong than in the 
Indian eclipse. 

I examined tho polarisation of the sky m the zenith about 10 seconds 
after the end of totality, and found that the piano of polarisation 
passed through the sun. * 

Mrs. Newall undertook the charge of the eight other polatisoopea, 
which were arranged os described above, and her programme iw the 
eclipse was to turn each instrument, so that the Savart bands dis¬ 
appeared, paying attention to the direction of turning as follows;— 
If the band system had a white central baud the polarisoope was to be 
turned clockwise. If the system had a black central band it was to 
be turned counter-clockwise. The instruments were then to be left 
untouched, and tho positions of the pointers were to be written down 
at leisure after tho eclipse. Mrs. Newall devoted herself very dili¬ 
gently to setting the instruments under very varied conditions on Uie 
days preceding the eclipse, and so expert did she become that she was 
able to make the necessary settings of all eight polarucopes in about 
42 seconds. If tho pola^tion was weak, about 60 seconds were 
needed. In the following taUe, taken at random from her note¬ 
book, the figures in the upper line are the readings of the pmnters of 
the various polariscopes when Uie settings were made in a leisaraly 
maQser; thoee in the lower line are the readings when the settiiigs 
were msde “racing,” “Hor.” refers to the horisontsl polarise^; 
“SO*” to that which poifits upwards;^— 
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S.B. N.K. N.W. 8.W. 

Hor/ Hor! ao? Hor ^ 3^' 80^ 

106° 74 168° 178 170* 121 114° 136 Lcdsnrely, 

104 74 164 176 164 122 116 135 Racing. 

The following readings show that in a leisurely setting the observa¬ 
tion of extinction of the bands is satisfactory. 

1900. May 24. Ten settings for extinction of bands in the middle 
of the field—16“, 15 ■, 16°, 12°, 16% 17% 16°, 17% 17°, 16°. Mean 16°-8. 
It is thus clear that the “ racing ” settings give results of about the 
same order of accuracy as the leisurely ones 

In the eclipse itself, the observations were made on the balcony of 
the equatoriM coud^, and unfortunately, on account of other noises, 
the signal, “ Stand by,” announcing that the beginning of totality was 
approaching, was not heard by Mrs. Newall, who was standing in the 
doorway of the balcony with a view of protecting her eyes from the 
sunlight till the Ust moment. Nearly half of the duration of totality 
had passed before she came into the open, and heard the twenty-eighth 
boat of the metronome being called. Going at once to the polarisoopes 
she began to adjust them; she had set four of them “ to extinction,” 
and had nearly completed the setting of the fifth, when sunlight 
reappeared. M’ith regard to the last observation, Mrs. Newall noted 
on mteresting point. She had nearly completed the setting to extinc¬ 
tion when the bands suddenly became bright agaui, with black centre, 
and she turned the polariscope coiuitor-clockwise, fiom somewhere 
near the reading 20', and bad nearly set agiun to extinction before 
realising that totality was over. The reading of the polariscope was 
then found to be 345°. 

The actual circle readings recorded immediately after the eclipse 
were as follows, and it was noted that the bands were very faint:— 

8 J:. N.E. N W. S.W. 

H»r." ' Hor. W. Hor ^ 8^ 

106°O 94°-l 324°-8 340° 120“± 

[345° after return of sunlight.] 

These require small corrections for the index errors, which can only 
be determined after the instruments retium from Algiers, but it may 
be provisionally stated that the angles made by the plane of polarise- 
turn wiUi the verUcal, read from the vertex clockwise, are as 
ic^ows 

8J!. N-E. W.W. W. 

Hor. 80°. *Hor. 80°. 'Sm, Orsr corona. 

60° 49* 280° 296° tS06*± 356° 

[From my own 
observations.] 
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Compariaon with the obaervations aaonred on other days at about 
the game time of day aa the eclipse, via., 4.30, may be aummarised 
graphically as in the accompanying figure.— 

Polanaation of the Sky Algiers, 1900, May 26-28 
Plane of Polanaation. 

During th9 Total EcUptm of bho Sun ♦-♦ 

tn Sunshine at same hour ef the day. --- 



Ar^tsun. 

The results are of considerable interest in their bearing on the well- 
known peculianties in the phonomena of the polarisation of the sky 
in the neighbourhood of “ neutral points.” 

It is a great satisfaction to be able to record these obeervataous, 
for though they are incomplete, yet they were successfully earned out 
in spite of circumstances which would have upset many a practised 
observer; and the regret is all the greater that Mrs. Newall had to 
pay such a forfeit for her resolution, for she did not get more then a. 
glimpse of the eclipse. 

Of the nine Savart polanscopes used in these observations, four 
were lent to me by the Council of the Boyal Astronomical Society,, 
and three by Professor Lewis, through Mr. A. Hutchinson, of Pem¬ 
broke College, Cambridge, who had arranged to come to Algiers, and 
had volunteered assistance in the observations recorded in Section 26- 
of tide Bepmrt, but was unfortunately prevented at the last moment^ 
by illness, from coming. 
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§28. (intml Ohufrmiiov*. 

The general darknesB during totality was about the same aa in 
India. 

The dark moon did not appear so strikingly coal black in Algiers 
as it (lid in India. This is curioiu when considered in connection 
with the fact that the polansntion of the sky in front of the corona 
was much stronger in India than in Algiers. 

Boiuid the limb the brightness appeared relatively much greater in 
Algiers than in India. The breadth of the bright ring was estimated 
ns 2' to 3'j the decrease in brightness along the radius was very 
abrupt at this distance from the limb; at 4' or 6' from the hmb a 
lower level of brightness was reached and thence outwards along the 
equatorial streamers the decrease in brightness was small up to points 
about 2’ from the centre. 

Wy impression of the streamers, recalled from a very vivid memory 
of the picture in my mind, is that the double streamer on the preceding 
side of the sun certainly extended Iwyoiid Mercury, and there was a 
similar extension on the following side. The latter extended for some 
distance as a broad streamer with nearly parallel edges. 

I used a telescope of 3^ inches aperture and of 29 inches focal 
length for viewing the corona ihrect. The instnimcnt was merely 
clamped to the walls of the hut. I was able to focus the instrument 
carefully, and devoted some moments to examining the corona imme¬ 
diately outside the largo prominence in the Up qiuuirant. The 
prominence appeared double, one side having the form of a tapering 
column projecting radially from the limb, and the other appearing in 
clouddike floating forms, both parts being of a wonderful rose colour. 
In the corona I was disappointed to And no striking signs of arches 
over the prominence. The only fine stmeturo visible in the corona 
were a few interlacing wisps crossing one another, presumably in the 
part where the two stroamers on the preceding side of the sun crossed 
one another in diverging from one another. 

The shout that is stated to have risen from the Arabs in Algiers was 
beard by me as I exposed the plate* for the spectrum of the corona, 
that is, as Mr. Wyles called “six.” Algiers lies just a little more than 
a mile in a direct line from the Observatory. It seems probable that 
the shout was uttered at the same instant as Professor Turner’s signal 
“Start,”and announced that the totality bad begun at Algiers. 
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“ Solar Eclipse of May 28, 1900. Preliminary Report of the 
Expeflitiou to the South Limit of Totality to oWn Photo- 
p;tapli8 of the Flaeli Spectrum in High Solar Latitudes.” By 
J. Evebhhkd. Read at Joint Meeting of the Royal and 
Royal Astronomical Societies, June 28, 1900. MS. received 
July 16,1900. 

This expedition was one of those organised hy the Joint Permanent 
Eclipse Committee of the Royal Society and the Royal Astronomieal 
Society, funds being provideil from a grant made hy the Oovernmont 
Grant Committee. 

The following were the principal objects which I hatl in view in 
arranging the expedition 

To obtain a long series of photographs of the chromosphere and 
flash spectrum, including regions of the sun’s surface in mid-latitudes,, 
and near one of the polos. 

The photographs to 1*6 obtained with a long focus prismatic camera 
on a large scale, in order to he able to duenminate clearly lietween 
high levels and low levels in the chromosphere. 

The photographs to include as much as possible of the ultra-violet 
region of the spectriun, for the ptrposoof verifying the results obtained 
with a smaller instnimoiit in 1898, and to give more accurate values 
of the wave-lengths determined from those results. 

This report may bo conveniontly divided into the following four 
sections, viz.:— 

1. Selection of observing station. 

2. Instruments, methods of mounting, and general arrangement of 

camp. 

3. Narrative of expedition, and obserrataons made on the day of 

the eclipse. 

4. Resulto. 

(1) Seleetim of OUemng Station. 

A consideration of the conditions under which the lowest layers of 
Uie chromosphere are presented during a total solar eclipse showed 
that a very great advantege would be gained hy selecting a station 
situated near the limit of the zone of total eclipse, where the two 
internal contacts would be separated by a small angle on the sun's 
limb. 

At such a station the motion of the moon relative to the sun is in a 
direHion approximating to partllelinn with a tangent to sun’s 
limb at the points of intenud oontaot, the result being that the exoea- 
liveiy shallow layer giving rise to the ao-oalled " fla^ spectrum ” la- 



871 


Solar Edipat of May 28.1900. 

occulted by the moon comparatively slowly. Much more time is 
therefore available for taking a series of photographs than is the case 
at stations near the central line of the eclipse, where the moon’s 
motion is at right angles to the layer, and opportunities for obtaining 
photographs of the very lowest strata are reduced to a fraction of a 
second only at each internal contact. 

I decided therefore to choose some point situated well within the 
rone of total eclipse, but so far from the icntral line that the two 
internal contacts would Iks separated by an angle of alxnit 39* 
on the sun's limb. This would give a duration of totality equal 
to one-third that at the nearest point on the central lino; and the 
time available for photographing the flash spoctnun would not be 
leas than 30 seconds. At mid-eclipse the moon’s limli would overlap 
the photosphere about 1", so that even at that time the flash spectrum 
layer would not lie entirely hidden. 

Under these circumstances, also, one of the contacts would take 
place at, or very near to, one of the poles of the sun, the other being 
in latitude SI*. A succession of photographs taken during totality 
would therefore give a series of images of the flash spectrum ranging 
from solar latitude 61* to the polo. 

In selecting the most suitable station, dryness of climate was con¬ 
sidered to be the most important factor for securing extension of the 
spectra m the ultra violet) I therefore selected Algeria m preference 
to Spain, although the altitude of the sun would lie less in the former 
country. 

Tho best position in Algeria for realising the greatest solar altitude 
WHS a point on the coast west of Algiers, and on the soiitborii border 
of the eclipse track. This region was thereforu decided upon at the 
outset, and in order to realise the favourable conditions mentioned 
above, two stations wore selected provisionally liefurehand, and for 
these Dr. Downing kindly computed for me the durations of totality 
according to the data used by tho Nautical Almanac Office. 

The first station, noar to the village of Zeraldo, was found by him to* 
have a duration of 46 seconds, <>., more than oiio-half tho central line 
duration. The other station, three miles further south, and near to 
Maelma, was computed to have a duration of 29*6 seconds with a 
posnble error of ± lOseooucU. 

As the required conditions would, apparently, be very nearly fulfilled 
at the latter station, I decided to place my camp either at that precise 
•pot), or at some point situated on a line passing through it, and 
parallel to the direction of the shadow track in th^ r^on. 

lie actual station eventually chosen was 6-6 kilometres distant from 
the station near Maelma, in a (Urection bearing West 26* North. Here it 
was estimated that totality would last 30 seconds. Unfortimately, as 
the event proved, the value of the diameter of the moon adopted by 
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our Nautiod Alnumac Office is too large, and the limits of error given 
altove wore very misleading. Instead of a duraticm of SO seconds, the 
eclipse at my station was never quite total. 

(2) Tnttninii-iits, Mfihwh nf Mounttug, and Geumd Arrangement of Gamp. 

It WHS my intention originally to take out a fine IK-jnch silver-on- 
glass concave mirror miulo liy the brothers Henri, which was given to 
me by the late Mr. Itunyard This mitror, having a focal length of 
117 inches, would have given images on a scale of 1-08 inch to the 
sun’s diameter 

Many expenments were made with this mirror to determine the 
amount of aberration produced on star images at consiilerable distances 
from the axis, ami with various apertures. It was found that when 
the ratio of aperture to focal length did not exceed 1/16, good images 
were obtained 4° from the normal axis, the aberration being very 
slight 

As this would admit of a very wide range of spectrum being photo¬ 
graphed with good definition throughout, I decided to adapt my large 
reflecting telescope for eclipse work. Owing, however, to the difficulty 
of obtaining u prism of large angle and not lees than 6 inches aperture, 

I had, moat unfortunately, to abandon this scheme and construct a 
much smaller apparatus. 

Through the kindness of Dr. Ramliaut I eventually obtained a fine 
4-inch prism of light flint glass and 46 degrees angle. This prism, which 
was generously placed at my disposal by Sir Howanl Qnibb, proved 
most efficient for the work, although I was unable to utilise the full 
aperture. 

Three spectrographs were finally made; a reflecting prismatic camera 
of 3 inches aperture and 74 inches focus, an ordinary prismatic camera 
of 2 inches aperture and 47 inches focus, and a quartz prismatic camera 
of 1 inch aperture and 24 inches focus. These were mounted together 
inside an observing hut, and were supplied with light from a 12-inoh 
ccelostat. 

The Befiediiuj Primmtie Camera. 

This was an ordinary reflecting telescope with a mirror of 9 inches 
aperture and 74 inches focus. It was fitted with a strong wooden 
tube, adapted for carrying two large prisms near the upper end. The 
prisms used were the 4-inch 46-degree prism, lent me by Hir Howard 
Grubb, and a 3-inch 60-degree prism lent me by Dr. Common. These 
were mounted eccentrically within the tube, in such a manner that the,, 
incident light, after passing through the prisms, made an ang^e of about 
1^* with the normal axis of the mirror. After reflection from the 
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The end of the tube was closed by a block of wood having an aperture 
8 inches long by 3 inches wide, a little alioie the middle Outeide 
this a long slide was arranged at nght angles to the telescope, and 
Iwlted at the upper end to two sta^ lods attichid to the telescope near 
the mirror 

A plate holdei J feet long bj 10 inches wi le biking two pi itcs 8J 
inches wiuare «n<l four plates 8^ 1 > niches was arranged to move 
along the slide by moans of rackwoik an<l i pinion wheel One 
revolution of the pinion moved the plates J 1J inches wheieby four 
images could lie obtaineil on the s<iuuio plates and two on each of 
the narrow onus the sivtoen images all lieing equal rhstinees apart 
and symmetncally placed on the plates Ihe revolutions of the pimon 
wheel were controlled by i spring catch icting on the trank handle, 
and holding it firmly in position aftri cich leioliition 

The whole slide carrying the plate holdei, Vc was attached to the 
telescope in such a wa\ that the diet nice < f the plates fioin the mirroi 
could be vaiied a small amoimt foi focussing 

The tiilie of the iiistiumint was firmly liolted down to the sloping 
side of a solid piei of stone and cement built up within the olisening 
hut neat the north end It was wljusted so that the pi me of disper* 
Sion of the prisms was iii a mondial! pissing through the calostat) 
and inclined to the pnme motidian 68 (the hour ingle of the sim at 
mid echpse) Ihe dispersion w is theieforo in a noith ind south direc 
tion The iiiteroil contacts wcie computed to occui neir to the south 
point of the sun, ind on either side of it Ihe centie of the flash 
spectrum arcs was therefore midway between the edges of the spectrum 
in the photographs obtained at mid eclipse 

Ihf 2 xrah Pmm itt ( aiiiri i 

This instrument was the same which I employed successfully at the 
Indian eclipse in 1898, excepting that it was fitted with a specially 
corrected lens of 47 inches focus instead of the visual objective pro* 
viously used The images were Uierefore on a somew hat larger scale, 
and larger plates were 

The shdmg plate holder, constructed on the some luies as the larger 
instrument already described, was mode to hold three plates, by 4^ 
inches, placed lengthwise in the holder, and the crank handle moving 
the slide was arranged to stop it each half reiolution, moving the 
{dates 1 12 inches between each exposiue 

I The two 60 prisms of thu instrument are made of specially 
Mected crown glass, and are exceptionally transparent for ultra violet 
rays 

The total deviation of the two pnsms bemg approximately equal to 
that of the reflecting spectrograph (about 80 ) the tubes of the two in> 
voi Lxvii ’ 2 a 
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stramenta were arranged nearly parallel, tbe 2-inch spectrograph being 
screwed to the side of the reflector with its aperture alongside that of 
the latter. The camera end with ^e sliding plate bolder was at the 
lower end. 

Thf Qiiinh PitsuuifK Camfut. 

This was rigged up while in ramp, as it wAs found that a snudi 
portion of the cadostat mirror was available to supply light. It con¬ 
sists of two double quartz prisms of 60 and 40° angle respectively, 
each pnsni having 1 ^-inuh square faces, uinl a single quartz lens of 
24 inches focus It was screwed on the top of the 2-inch spectrograph, 
with its aperture just within the elliptical lM>ani of light from the 
ccelostat. 

My brother ai ranged a lery convenient exposing shutter, which he 
was to open near mid-eclipse for a .single exposure of iO seconds. 

of Foeiifnn(j.—W\ three spectrographs were approximately 
focussetl by taking a series of photographs of the spectmm of Venus. 
Having determined the focus of the reflecting prismatic camera in this 
way withui very narrow limits, I used this instrument as a collimator 
for the 2-mch spectrograph, removing the large prisms, and ailjustuig 
a slit m the position occupieil by the plates when photographing 
Venus, The 2-inch instrumentv was attached to the wall of the hut, 
with its aperture inside the tube of the reflector, and directed towards 
the mirror. With the north door of the hut widely open, the slit was 
illumined by light from the sky, and a scries of photographs was 
obtained of the Fraunhofer spectrum. 

For some ronsou the focus was not so sharply defined, and the 
definition of the lines was not so good as in photographs 1 had obtained 
by the same method liofore leaving England. 

A third method was therefore trierl. After having adjusted the 
2-iach spectrograph in ita correct place, photographs were obtained of 
the sun itself on Sandell triple plates; the focus being .determined by 
the images which wore most sharply defined along the edges. 

A final method, which was mloptecl for the two larger iiistrummits, 
was to adjust the fociu visually during the ocb'peo itself, using the 
Fraunhofer lines, which become sharply doflnod shortly before totality. 

Programme of E/poKiireK —The two larger prismatic cameras were 
each to have sixteen exposures made simultaneously, hy removing a 
plate of aluminium from the common aperture of the two instruments. 
The first, second, fifteenth, and sixteenth exposure were to be of 
about 1 second duration each, and the remaining exposures of 2 seconds 
duration, excepting the exposure nearest to mid-eclipse, which was to 
have 10 seconds. 

The quarts prismatic camera was to he exposed near mid-eolipee also 
i<ft 10 seconds, 
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Theae relatively long exposures wore ilesigned to secure density in 
tlie ultra violet, at the risk of ovei exposing in the legion iieir G 

Having ascertaineil by rehousing thit the timcrequirerl foi txposutg 
all the plates would lie aliout 90 seconds I ai ringed that the first 
exposuie should ho tuned it 16 seconds 1 m foie the computed time of 
nudechpse fho aucei(ding expusuns vitre to ft How each othoi it 
the shortest interi ila tuiniiig the h indies delihor itely ind allowing 
ample time foi shake to sulwnlo before each exposure 

I was to use my discretion to some extent in miking the long 
expcAure at raid eclipse but othet wise I intended to bo giudul solely by 
the chronometor 

The exposures were to lie mule by myself standing at the noith 
dooi of the hut ind ficing the Luge speetrograph I used my loft 
hand tow oik the exposing shutter ind my tight to tuck the plates 
forward in the slide 

My brother sitting on his InmI in the hut w is to move the plates of 
the 2 inch spectrograph tunung the handle hilf a i evolution if ter 
each exposure He was also to expose the quut/ spectrograph it a 
signal from me 

Ikt < 

A 12 inch cftlostat was used to supply light to the three spoctio- 
graphs in the hut It was plaad about b feet from the north east 
comer of the hut and was arranged to reflect the sun m a mendional 
plane, the angle liotweon the incident and reflected beam Ix^mg m 
this case i mimmiun, vu declination of sun x 2 Ihe reflected 
beam was in a direction W 30’ S, ind was (hrectod npwanl at an 
angle of 3^ with the honsontal 

The instrament was mounted on a steel plate fixed on the top of a 
masoiuy pier, and about 1 feet from the gi c und The plate had a 
straight channel cut in it just wide enough to t ike the ends of two of 
the four levelling screws, the other two resting on the plined surface 
of the plate 

With the plate placed approximately level and the channel approxi 
mately north and south, the whole instrument could be shifted bodily 
north or south without distiiibing the adjustmente of the axu in 
altitude and azimuth In thu waj the adjustment of the beam of light 
with respect to the apertimw rf the three spectrographs was very 
easily managed, and the ccelostat could be shiftecl about to suit the 
varying declination of the sun on occasions, previous to the eclipse, 
when It was desired to observe the spectrum and adjust the spectro 
graphs. 

ooslostat was {wovided with slow motion independent of the 
driving gear, and this was controlled from inside the hut by means of a 
xod, 8 feet long, which my brother laboriously cut from a S^mdi plank 
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The driving clock was bolted down to the north end of the coaloetat 
pier. It WAS driven by a weight suspended from a large tripod erected 
near. 


Thf Tel 

In addition to the photographic instruments I had a 3|-inch 
equatorial telescope, and a high dispersion solar spectroscope. The 
telescope was mounted on a packing civsr outside the hut, and was 
useful in a variety of ways. With the s{)Cctroscope attached it was 
used for the observation of solar prominences on the day of the ocfipse, 
and on several other occasions. 

The Ohnerviiiff Hut. 

This was a rectangular wooden shed, the sides enclosing a space 
14 by 9 feet and 6 feet high. TIte sloping roof was covered with 
hoards up to alxmt 1 foot from the centre beam. A largo sheet of 
canvas was stretched aljovo the boards, leaving an air space lietwoen : 
this allowed of the free circulation of air between the canvas and the 
wood, and was designed to prevent the interior from becoming luibear- 
ably hot during the day. 

This arrangement, however, was anything but water-tight, as we 
found to our cost during a spell of bail weather. Wo subsequently 
procured a large rick cover, which was tieil securely over the canvas 
and down to the grotuid on the weather side of the hut. 

This hut was designed by my brother for the accommodation of the 
somewhat unwieldy reflecting spectrograph and two camp beds. The 
frame was constructed by him before leaving England. 

The accompanying ground plan shows the general arrangement of 
the camp. 

(3) Nurmtive of EipmUtim anti Obeervaiiow mmh on the Da^ of the 

Edi^. 

The expedition, consisting of my brother (Mr. Harry Evershed) and 
myself, left England on April .30th, and travelling m Paris and 
Marseilles arrived at Algiers on May 3rd. 

At Algiers we received every attention and assistance from the 
British Consul-Oeneral, Mr. Hay Newton, to whom our acknowledg¬ 
ments are due. He procured for ns a letter from the Prefecture to 
the Mayor of Maelma, ordering the latter to assist ui in every poasible 
way in selecting a rite for our camp. 

We also received assiatanoe and advice from M. Trepied, of the 
Algiera Obeervatoiy, who very kindly called at our hotel and die- 
ouMcd with us our plan of operations. 



A BefleotiDg «peotrogtspb 
B S inch kpectrognpb 
O Quarto tppLtrograph 
B Xspoung ihuttor 
B Cceloatat (low motion hniidk 


So*C0 of Foot 

9 ■ ■ ■ ^ y 

F Cado*«at 

& Phuied itcel plate with ehannel 
H Dnnng cloak 
I fripod for weight 
J 8 inch teleecope and upei tmecopr 


Havuig obtained letters of mtiotluetion to some landowners m the 
diatnot we intended to occupy, we went at once to the village of 
Zeralda, about 20 miles west from Algiers, and making this our head 
quarters for a few days we exploied the neighbouring oouutiy 
The people to whom my brother had letters recenod lu mith the 
greatest mvility, and we desire to mention m parUcular M 
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Hdiuinibtnitor of the estatel of the Comte dePengonl and foiinerl 7 
Professor at Stonyhurst This gentleman was much interested in our 
mission anil we ire pr utically iiidehted to him fur giving us a letter 
to a colonist M Alvado upon whose farhi near the sea coast we 
eventually found in excellent site for our camp 

It Wfis eiidcnt at the outset thit the wild hilly region neir the 
village of Maelma would be moic difficult of access than the coimtry 
fuither nest neai the coast Mielma itself md foiuid to lie poveity 
stiicken and unpromising Ihe miyor whom wo found in his mainu 
bus> n ith the coming elections w is obliging enough to vt ^ our 
lociiment from the Prefecture or rather he got his socretaiy to do 
so liciiig unalle himself appirently to leid or write Having had 
our lettoi diilv » // wo ahandonoil Maelma ind proceeded to the 
Marifian Uivei neartho coast to conclude negotiations all eidy entered 
into with Alvado 

These piesenterl no difficult} foi M Alva lo was iin homme tree 
bravo and offered us his whole territory vineyards or cornfields for 
om camping ground Wo were however limited in our choice to a 
line beaniig West and 24^ degiees North from M'lelmi in ordei to 
secure the same duration of totality as hail lioun computed for that 
place 

The position finally chosen was near to the mouth of the MasMrsn 
liivoi on the east side and about 1 kilometie from the sea 

The position of the Mazafriii bridge about 400 metres distant was 
aseortuned from a lecont suivey to Iw 

North latitude 26 41 i'i 

b ist longitude 2 48 50 

The position of the camp which my brother carefully determined 
by tnaugulation from the bndgo was as follows — 

North latitude 36 41 47 

Eist longitude 2 48 41 

It was 17 metres above sea level and 6 6 kilometres from the 
station near Maelma, in a direction bearing West 26 North 

As the direction of the shadow track m this region was ascertained 
to be 24 39 North of West we concluded that the above position 
would be safe for a duration of 30 seconds of totality 

Hav iiig settled all preliminanes we returned to Algiers to arrange 
for the transport of the uiatruraents This was efliBoted without 
difiioulty by means of the light railwray recently oonstmeted from 
Algiers to the Masafran 

Oh May 9th we returned to Alvado's farm, and the next day the 
work of erection was begun 
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Our hut, which whb to ueive ns sleeping and living room us well i s 
ulwcrvutoiy, we hail ready for occupation the s uue evening. 

During the fortnight preceding the eclipse, out time was fully 
oitiipicd in erecting ind uljiuiting the three specti ogi aphs, coslostat, and 
other iiistriimoiits and in taking tnd photographs fur determinuig 
fucus Wu also m ide ilaily olwei v itions of the siiii with a sextant 
and irtificial honson fui deteimining time iiid checking the i ite of 
a chronometer uhich we had hiiul for use in oiti camp Being far 
from any telegr iph station lu diioct commiiiiie ition with Algiers wo 
were uliliged to depend ciituel> on olwen atiim foi oiii time on the 
•lay of the eclipse Working with iiistiumeiits of very second rate 
quality my brothei itsu dly suicoulod m determining lot il time within 
one 01 two seconds i f error t iking the me in of a day s set of obser 
vations (luu illy employing the niethoil of diuible iltitiides) 

Duniig the whole time we weie in camp we wei e ibly assisto<l by our 
host, M Alvtulo who took i most intelligent interest iii all our 
operations, uid was ovei leidyand at hind to help us m any and 
oveij diifaculty with which we weie confioiitod We take this oppor 
tunity of oxptesaing our high ippicciatiou of his services and esteem 
for hia charictei, ind that of his wife Madime Alvulo Iho lattei 
attended most issiduously to all out pet sou il wants uid m this way 
furthered most uuteiially the objects of the expedition 

W y 1 J lU ai im It on th Ih/ ih t hj i 
Between 6 and 7 am on May 38th I olisorvod m the spectroscope 
the position angles and appioximato heights of all the prominences 
then visible on the suns limb Ihe lesults were then wiitteii out m 
accoidaiico with a previously airuiged code and sent on to /oralda to 
be telegraphed to Mr A 0 D Grommelin, at Algieis, fui the use of 
intending observers of the coional structure near to prominences 
The following table gives the position ingles and heights ob 
Betvod — 

Fotilion angle Solar latitude Appruuuiate height Ha 
64 + 9 50 

IIJ -46 16 

217 -36 116/130 

236 -17 26 

306 + 52 20 

The rest of the morning was devoted to final adjustments and 
rehearsals , cleaning all lenses and jHisms, and m taking more photo 
graphs for focus m the 2 uich spectrograph Soon after noon all sltdea 
were filled ready for the eclipse, and lartly, the 9 inch mirror and tho 
ooeloatat mirror were both dusted and carefully polished with, rouge to 
remove all trace of tarnish 
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Fifteen minutes before mid-eclipse the large spectrograph was slightly 
readjusted for focus 1 y olisorMng with a luis the specttum image of 
the diminishing eieseent 1 his a is effected without any difficulty or 
uncertainty 

I then attemptwl to focus the 2 inch spectrogi iph in the same wa} 
using the Fiauiih fer lines near G which were then i ipi lly becoming 
sharply defined As the last determination made photographically 
appealed to I>e correct I set it agiin to the cime position 

hive lumutes lefore mid eclipse my brother wound up the cmlostat 
clock and thiee minutes 1 iter 1 gave the onlcr Stand 1 y 

Ihe light waned lapidly ‘iiid 1 1 eg ui the exposures 114 16“ 68" 
At 4 17 10" [ found itdifh iilt to see the seconds hand of the chrono¬ 
meter ind i few seconds latci I ipeiie 1 foi the 10 secon 1 exposure 
giving at the same time the signd to expose the cjuiitr spoctrogiaph 
Ihe alisence of any sound ftom the shiittei warned us that the Iittei 
had failo 1 to act 

At 4 18“ I could igain see the chionometei face cleatly I con 
tinned the exposines accorebng to the progiarome finishing the last at 
4' 18 18" 

A minute or two later after remosing ill the plate holders from 
then sli les 1 observe 1 the large pronuneures on the south west limb 
in the spectroscope attached to the 3 inch telescope They appeared 
«f course cxccccGnglv bnlh int iii the line ila Unfortunately I was 
unable to make a cntical examination of the spectrum for at this 
time a crowd of sight seeis iniuiditcd the entire camp, and furthoi 
ol servatiuii foi the time I ciug was impossible 

I ater, 1 observed the time of last contact with the spectroscope 
1 his took place at 

5b 2 In J4« per clock 

+ 58 assumed eri 01 of clock 

6 22 32 GMT 

At this moment the moon s limb was seen is a black biic projected on 
the chromosphere 

(4) Imilh 

Notwithstanding the fact that my station was outside the xone of 
total eclipse,* the photcigraphs show that there was quite half a minute 

* From the deM nptioi i giTvn ui immediaieljr after the eihpie by M AItmIo end 
othen who undeiteok to deterams accurately the duration of totolity, it appeared 
certam that the pbotoiqibeK never w) oily dirapj eared a imall point of aunlight 
retnaiiung visible at the mon ent of nud eShpie the edge of the mow s shadow 
was moreover clearly sesn travemng the sow and tl e sand dunes a shoH distance 

lorthof our oainp» whieh eseeped the shadow by a few hundred metne oaJy 
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ATaila.'ble for obtaining good images of the flash spectrum. No. 9 
spectniHO, for instance, is one of the finest of the series, and shows 
about as many bright lines as the mid-eclipse photograph, yet it was 
exposed I.*! seconds Itefore mid-eclipse. Several other photographs 
taken earlier than No. 9 also show a large nnuiber of flash spectrum 
lines. 

I think this result demonstrates the \cry great atlvantage gained at 
atadons near the limit of total eclipse fur stndying this spectrum. 

In cleaning the lens of the quartz spectrograph shortly before the 
eclipse, I unfortunately jammed the exposing shutter in such a way 
that it would not work at the critical time, and no photograph was 
obtained with this instrument. 

Sixteen photographs were obtained with the 2 inch spectrograph, 
and sixteen with the reflecting spectrograph. The following table 
^res the approximate times of exposure, and the plates used in each 
instrument:— 


Apiinixtmslr tiuies. 


Pistes uNcd. 


Sx^un 


2 


(I 

7 

8 
9 

10 

11 

15 
18 
14 

16 
16 


Begmiuug. 


4 16 68 

17 6 
10 

14 

18 

n 

27 

81 

as 

40 

45 

18 0 
4 
0 

18 

17 


Durstion. 


2 

2 


2 


2 

2 

2 

2 


* 


Reflt'Hmg 

spw'lrugreph 

iptclnigraph 

MsiidoU Tnplc 

Smidell Pi rtwt. 

Saudt-ll Pcrfwt 


Edssnlx'ii Ordiiisrj 
Medium 

Im^KTisl Ordinaiv 
(HinLed) 1 

Ssndeli Perfeel 

^Slidell 'fiiple. 

Bsndril luple 

» I! 

” 

.. 1 


The images obtained with the 2-inch spectrograph are not in good 
iocus. They are very dense in the region near U, but correctly ex- 
jxMed in the ultra-violet. The spectra extend from X 3350 to X6100, 
Apparently die maladjustment of focus has produced a linear distor¬ 
tion of the images; and at the edges of several of the spectra, where 
the direction of the distortion coincides with the direction of the bright 
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lines the focus appears to be quite perfect through the whole length of 
the spectrum 

Thu suggests th\t the lens which «as a thin one was under srrao 
strain m its tell and it accoiuits for the difficulty experienced in hnd 
mg the true fociu 

In the mid eclipse photogi iph (No 11) the bright linos are fiiily 
well define 1 at the extreme end of the spectrum ind they can 1 e 
traced in this photogiaph to X 1320 All the lines between X lUO 
and X 3500 can be identified with those shown on the liest pi ite ob 
tamed m 18J8 

The following table gives the wave lengths and identihc itions of 
these lines u determined for the spoetnim obtained m India la 
identifymg the lines with the olomeuts given m column 4 I received 
greit assistance fiom Mi L h Jewell who also supplied me with 
a levised list of wavelength values for the solar lines given in 
coliunn 5 

The intensities (column 2) are estim vted as follows — 

1 11108 just vuible but extremely faint - 0 

Iho strongest lines in the spectrum - 10 


Wsv lengtl 
(flash 
sppitrum) 


88S6± 

J880± 

888a± 

8836^ 


8368 a 
3878 0 


8892 1 
3894 7 
SS99 8 
8408 4S 

8406 17 

8407 38 
8406 97 
0410 84 
8415 01 
8481 48 


j I Wave lengtl s roiglly esti 

f I natel on iliitwnph 
^ j No 11 ot 1900 

14 Ftr<t lin on ibotograi) 

8 No 3 ot 1W8 

0 (One D • sun, onlj ) 

4 Lo g 

^ j. Faintly ixtei did 
84 Loig 

8 Loo), 

4 |1 g I 

3 Short ' 

4 Long 

8 ' Long 

14 I (One imasureinly) 

5 long 

1 I Short 

8 Faiutlr extended ' 

1 Short 

1 Short 

8 Long 

1 Vinble on south side only 

1 Visible on south side only i 

}|ltqualpair long. 


68 875 
58 640 
61 837 


87 988 

93 109 

94 716 


05 817 
07 597 
06 911 

14 911 
81 858 
88 898 
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38S 


WB»e-li»ngth 

(Buh 

tlMM-trum). 


3125 'Mi 
3128-07 
3128 73 
3130-61 
3133 51 
3438 10 
3110 03 
3112 21 
3414 30 
3116 31 
3152 -HO 
3456 55 
315N-5H 
3460 S3 
8161 68 
3463-05 
3461-32 


3466-87 
8167 46 , 
8468-72 

3471- 33 

3472- 68 , 
8474-28 
3175 67 
3477 20 
8470 48 
3481-20 
3483 08 
3488-86 
3491 -16 
3103 22 I 
3404-60 
3406 17 
3497 88 , 
8400-14 I 
8600-45 
3502-30 
3605-06 
3510-06 



In column 4 tbe prcdomiiwUng element in a group u put in iteUcf. 

The sixteen images of the cusp and flash spectra obtauied with the 
reflecting spectrograph are in good focus throughout.* Each spectrum 
• The veiy itrong chrumuephore arce, euoU m II and K, ihow a faint coma on 
the tnoM refrangible lide. Thie ha« wuce been traced to *light irregular refraction 
St the beie of the afpriem. The ftmJt b, however, loo alight to appreciably 
aSeet the definition of any but the atrongeat linea. 
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ib H inches long, ind extends from X 360 to X 510 Ibe width corrt* 
Blinding to the sim s (h imctci is 0 6H inch 

The fiuoi flash spectrum hues in many of the photographs are pur 
tioularly well dehned in the nlti i a lolet 

The first fuiii photogi iphs of the senes uc much oxei exposed and 
fugged and only the Htion^ci ihi miusphcio arcs ue visihle at the 
edge of the continuous spcctnim In the succeeding iniiges, the sky 
illumiimtiun iHicoming much duumished the bright hues show up 
elciilj on a light Inckground 

In No 9 the flash spectrum is fully dexiloped iii i nft in the con 
tinuous spOctrum fhis nft extends from position angle 140 to 148 
and iiK hides i legioii beta cm b7 ind 7> south latitude The 
bright hues ciosaing the lift aie iMantifully dehiied throughout the 
Hpoitmm ind iii the ulti i Molet the} can Itc tixcod nearly *18 far as 
the continuous spoctnim I ho hi uinhofer linos no well defauod upon 

the eontiniious spectium uheie the littoi has not been overexposed, 
and the whole spectium in the nitre Mulct is a nuxtiue of bright ind 
dark lines 

Accuratedetcrmimitiuns of wave length will losult fium the measure 
ment of this negative 

No II This was exposed foi 10 seconds at the greatest phase of 
the eclipse The cuiitiuuons spcct um is broken up into fi\e narrow 
binds, and the flash spectium lines foim long ucs crossing the bauds 
Most of these IKS extend ovci neail} 80 ot the limb and cover the 
entire south polir icgion fium latitude 7> cn the cist side to 
latitude 28 on the west 

rhe bright hues on this iiogitixc ire m« re stiongly impressed than 
on any of the othois and they cut be eleirly tiuced up to the end of 
the continuous spectium it Xd50 I he dark lines of the hraunhofer 
spectium aie still tiaeeable on the iiairuw stiips of continuous spec 
tium 

This negatuu will gixe good waxelength doteimniitions fur all the 
finei hoes iietwom X 390 and X610 

Good im iges of the flash spectnmiaie dso impiessod on photogiaphs 
Nos 10, 12 and 11 

(t «« d ( urluttoH- 

(1) In Its mam feituies the flash spectrum at the south pole of the 
sun IS the same as ui low latitudes 

(2) No essential change is shown after an mterval of four years, 
the spoctia photographed hy bhackletoii, in 1896, and those obtained 
in 1898 hikI 1900, dl appear to be identical so far as it has been 
possible to compare them 

(3) The flash spectrum, therefore, is probably as constant a feature 
of tile solar surface as is the Fraunhofer spectrum 
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With rogard to mstmmonts the reflecting prismatic ctmera has 
proved to ho a most efScient foim of spectrograph for eclipse work 
The uniform fociu ovoi the eiitiie tango of spectrum and the 
facility with which the adjustment foi focus can ho eflectod, are 
advantages which those who hate worked with piismatic cameras will 
appreciate 

Another impoitaiit edvantigo ui the um of the lofloetoi is the 
proximity of the exposing shutter to the pi ite h >ldci ))oth of which 
can eisily lie controlled hj (no person Ihoie is no signalhng 
lietween the man it the plates mil the min it the shuttei 

There is again the ads ant igo th it there is no Selective absorption of 
ultra violet lays which occurs in lenses ind if the minor is freshly 
polished there is no soloclive leflictum foi my of the rays which can 
1)0 photographed 

In conelivhiig I have to ackiiowle Ige my great indebtedness to my 
brother foi his untiring devotion to the interests of the expedition 
throughout In all the negotiations uecossaty on im\ il m the 
country he took a levling pait ind was suectssfiil in obtaining tho 
goodwnll of e> ery person with whom we c imo m c out ict 
The fine senes of jihotogriphs which wo oltiinol boai witness to- 
hu skill m carrying out to the letter the somewhat troublesome 
arrangements which I hul planned fni erecting and adjusUiig the 
instruments 


PreWninaiy Nolo on Olisenntions of the total Solai Eclipse of 
1900 May 28 made at Santa Pola (( asa del Ploito) Sjjain * 
By IUlph OoiKLAVi) Phi) 1 B AS h 11 SL —Read at Joint 
Meeting of the Royal ami Rjyal Asticnomical Societies June 
28,19Q0 Mb leceived Oetolier 1 1000 
1 had again the honour ol lieing nominated one of the observers for 
the Jomt Eehpse Committee, the station illotted to mo being at Santa 
Pola, on the south east coast of Spam 
On the 9th May I left hihnlmrgh and sailed from Tilbury on the 
11th in the Onent steamship ‘ Oiuba accompamed by Mr Thomas 
Heath, First Assistant at the hdinbuigh Royal Observatory, who was 
gouig to Santa Pola to observe the eclipse ou behalf of the Royat 
Society of Edmbnrgh 

My instrumental outfit had preceded me under the care of Mr James 
McPherson, the expenenced mechanician of our Edinburgh observatory 
This outfit comprised the 40 foot horizontal telescope of 4 mch aperture 
previoualy used in India and Norway, together with a small Iceland 
spar and quarts prismatic camera, wnth an effective aperture of 
ISinoh. 
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At St Pancnu Station 1 hid the pleasure of joining bir Norm in 
Lochyor and his party who, like oiusehei were Iwinid for Santa Pola 

Early on the IGth wc reached Oihriltar whore wo weie met by 
another member of om hihnbiirgh piity Mr b rankhii Adams, from 
MachnhuiiHh who had most thonghtfullv m inged for the trinsfer of 
all OUT whpso appiiatiib ftom th* Oiubi to HMS Theseus, 
whic h the Admiralty h id geiit roiisly placed at the dispos il of the Toint 
Committee M e u ore most coi di illy w clcomed on bo ii d the Theseus ’ 
by Captain Tisd ill a ho introduced us to his officers and issigned to us 
our most comfort iLle quaitors 

The few days spent on boird the Theseus passeel most pleas intly 
With the gilatest intenst wo followul the lanoiis foims of dnil and 
were greatly struik by the promptitude mil piecision with whieh every 
order was earned out 

On landing it Santa Pola on the ifternoon of the 17th wo were 
received with the utmost courtesy by the \lcaldo md other Spanish 
authontics who at onee issuitd us of ill possiblo assistance in the 
furtherance of onr work The interchinge of courtesies being over, we 
at once proceeded to the tamp ilioidy lai I out for Sir Norman Lockyer s 
party A1 unilant sp ice hail licen loft for the uibt illation of our appa 
ratua, but on closei ev itnuiabon of the ground wo foiuid the subsoil too 
light and sandj to ifford the firm foimdation required by our heavy 
instruments SVo hail therefore ti belect mother site Ihis wo foiuid 
in the upper put if the tuan in i barley field fiom which the crop had 
been gathered i fea days bcfoie Here the solid rock covered oiUy by 
a thin liycr of soil affonleil m ideal foiuid ition for all our apparatus^ 
while the neighliounng walls oi houses protected the site from the 
prevailing ainds aithout unduly obstiucting the view 

To the south east of the seleeteil spot stood a large liarn, which 
chanced to Iw v acant ui consequence of i law siut, and was therefore 
called L i Casa del Pleito Ibis bani a as allotted to uS by the ever 
obhging Alcalde and gave the name to our station It served in the 
threefold capacity of a store place for our empty boxes, a photographic 
laboratoiy and i most welcome retreat from the bumuig rays of the 
noonday sun 

While our instruments weie being landed and catted up on the 
mommg of the 18th we commenced laying out and prepamig the 
necessary founilations for them In this as in all our work, wo were 
most efficiently helped by a detachment of junior officers and men from 
the “Theseus" 

For the first few days there was a good deal of cloud, by night as 
well as by day, and it was only with difficulty that the exact ol^rva 
tions requisite for setting up the 40 foot were secured 

Satur^y, the 19th, was a red letter day for us, as well as for our 
countrymen throughout the world With hia usual thoughtful care, 
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of 1900 May 28 manh ai Santa Pda, Spain 

Mr Franklin Adanu, before leaving England, had amngod that a 
concieo daily telegram should bo Boiit to him giving the latest war nows 
These telegrams were at once eommiinitated to both tamps as well as to 
the Theseus iiul it is neodlcss to say vith what keen interest they 
wore received and disciisstd We were propiniig for limth at the 
comfortable httle rcstaiuant wheio wo lo<iged nhcn the telegram 
innoimcing the relief of Mafckiiigwis rained Immediately we all 
rushed into the entrtiiec h ill whirt wt gne thieo hoaity Bntish cheers, 
gititly to the istuiushmcnt jf our Spanish fiiends who wore quite at 
a loss to undcrstuul what all the chitling uid excitement moint 

By Mondiy the ilst ill out htaiitr conriite founditiuns wort 
hnuhod and we had a dear week in which to adjust and test our 
apphauccs The wt ither had also I ccomo miuh deaici partic iilarly m 
tho afttnioon whtn it w is import int to cheek the hri il uljustmonts of 
the long telescope at the honi lontspoiiding to thit of the eclipse 
Lventually all the uljustmonts wceo lomplcted anil tested by the 37th 
on the afteriiuon of whiih day wo hul tht sitisfaitiin of seeing the 
mm 8 image tiavtiso the platt holder of tht 40 foot prtcistly at the 
computed rate mil at tho exact distince fiom tht cenlio lino eorro 
sponding to tho siui s declination it the time 

On the 26th wo reconul a \isit from the Cnil lioiemor of the 
ProMiice of Alicante who was desirous of seeing our app-iritus and 
bitisfying himself that ttoij thing possible was king done for our 
comfort and convetueiKO On the sirao ilay i party of iiench astrono , 
mtrs came oier fioni Ucht to ate oni camp iiid compare note# We 
.much regrettoii that time did not peiniit our rctuniing their friendly 
visit 

Meanwhile Mr Heath ind Mr hranklin Adams hul elected tho 
equatorial stands to tarry their apparatus Mr Htith w is provideil 
with a 6 inch photo-Msual Ulestopt by f Cooke and Sons in ingeil to 
photograph the corona iii the pnni iry focal pi ino, while Mr hranklin 
Adams’ oqiupmont consisted of a number of c imeras several of them of 
huge apertiuo ilesigned for obtaiiung pictures of the coronal rays and 
the suns siinounihngs generally He had also several very accurate 
thermometers mounted on a siutable screen 

Tho exact duties of each raomlier of the camp were repeatedly 
rehearsed in accord inco with tho beats of a metronome, tho mihcations 
of which were shouted out by a so mum on tho plan devised by Sir 
Norman Lockyer for legulating the numerous operations at hu camp 
As moat of the olisorvers hail droady practised at their respective 
instmments, even the hrst genet al rehearsal went off much better than 
we could have expected The whole credit of this is due to our naval 
asslatants, who, from being truned to act promptly and in concert, 
readily appreciated the exact imtiire of the new duties entrusted to 
them 
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In the night all the plate holders wore duly filled and arranged in 
Older 

For about a aeek before the day of the echpse the closely approxi 
mate time, of Greenwich moan noon was signalled to ns from the ship 
This proved of the gieitcst value as it relieved the tunps of the 
necessity of miking independent time deteiminations 
from the moment at which the erection of the instiuments was 
commenced four membeis of the Giuiicb i Civil noio told off by the 
Spanish aiithonties to natch over the sifety of oiii gear A single win 
cord stretched loimd the area uccnpiol by the iiistinmcnts served as the 
Ime of domvrcition within which luimthonsed persons wore not 
allowed to come Oii the diy of the eclipse this line was thionn 
somewhat f irther 1 vek at the suggestion of our Spanish friends 
The noather on the momentous 2Rth was ill that astioiiomors could 
desire With the gieatest caio all out tpparatiis wvs levise 1 The end 
of our ham had 1 oen smoothed over with stucco so as to present a white 
expanse some 30 feet iii width hy ll feet in height on which to ohseive 
the shadow hands The azimuth of this wall was very exactly S 40 W 
and as mid totality occurred iii anmiith 92 10 the positi m of the wall 
was very favourable foi the oWrvations in question W e also put up 
a white screen some 14 feet square projecting at light angles to the 
northern end of the wall ind whitened the ground in the angle thus 
enclosed thereby giving three pianos on which wo hoped the bands 
might he seen Two officers of the Ihosous who for some days 
previously had piactised markmg tnd tccutdiiig imaginary shadow 
bands were entrusted with the duty of recording the real b iiids as they 
appeared on the white surfaces They wire piovidod with brushes 
attached to long poles and with pots of coloiuwl wish- blue for the 
Ix^nmg of totality and red for the end 
I undertook to observe the first contact with a small telescope of 
2 inches aperture 

This occurreil 10" 4 before the computed time but the disoropanoy 
caused no surpiise as the moons limb was very rough at the pomt of 
contact, and there was the chance that our chronometer time might he 
out a second or two In view of the very important work before us, 
no phot(^;raidu of the partial phase were attempted 
I have a note that at twelve mmutes before totality the sky b^n 
to dio'ken very rapdly, the darkness mcreasing more and more visibly 
during the last minutes liefore the total phase kivo minutes before 
totality at the word ' Stations," everyone took up his assigned post 
The Urge crowd of spectators who luii^ollected during the lost hour 
or two pressed closer in to the boonury wire—some of them still 
exproMing their doubts as to whether the eohpee would really be total 
or not 

Eighty three seconds before the computed time of second ebntoot I 
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gave the signal “ Start the clock to McPherson who was in the dark 
room of the 40 foot At tins moment Mr Fi tnklin Ailanis gave i few 
strokes on a large boll, and called out SU lutif 1 must hero say 
that this call wis inunediatc'U oliyod in tho most courteous w ay by 
the assembled crowds who muntuned i (icrfect silence until the 
important phase w is ovci 

One mmute before totality at the signal (. hroiiogi iph McPherson 
registered tho position of the moving pUtoholdei Sixteen seconds 
liofore totality when aCiCoidiiig to Mi howloi s lomputalion the 
(bminishiiig ciesceiit should sultcnd ui lu of 90 I gav c. the signed 
‘^Standby five, seconds licfoic tctdit} c nicsiwiiding to 55 of a 
crescent the signal Eeidy w is called ui 1 it the disappeaianco of 
the list glimpse of sunlight I gave the hind sign d of Ito ' 

From this moment the suloi in chugo of tin metrniome announced 
every fifth second dunng the fust minute in 1 then every second until 
tho seventy ftfth, when he oalle 1 Stop 
One minute ind twenty four sc on Is dtei the sign d I gave to 
McPherson tho hnd signal Chtonogiaph which hi igiin reemded 
on tho moving plate hoi U 1 issuiuig hinisilf it the same time that it 
was still moving it the tegulai speed 'While I wis giving the caihei 
signals just mentioned I noticed i very inteicstnig feature in the 
cbminishing descent When the luiiiinoiis ciesccnt was ledncod to a 
mere line, in execptionally biilliint beul of light liocamc detached 
from the rest continuing to shuio like a blight st ir foi pothips four or 
five seconds and pioluibly disappeiring neailv it the simo time is the 
lest of tho descent It was doubtless duo eithei to the passage of the 
sunlight through a veiy deep v illoy on the moon s limb or to the inter 
mption of the crescent by a high i inge of lunai mountains What 
over its origin it picseiitecl an extreme case of the well known phe 
nomonon of Baily s Beads 

Whatstnick mo most lioth in tho late eclipse and in that of 1898, 
was tho sudden tiansition from the 'iwiftly changing phenomena 
attendant on tho disapjio irame tf sunlight to tho stevly luivarying 
aspect of tho coiona Ihiiiiig tho last few minutes of tho partial phase 
all the phenomena ire in a stite of lapicl change tho light decreases 
m a swift geometricil ratio the last shicxl of the suns limb clisippeais 
the prominencoti biiist into view, and all at once the corona stands 
lieforo one fixed and relatively uiichunging during tho whole of 
totality 

The corona ns seen with the nikod eye presented a sinking 
resemblance to tho pictures of the coioiia of IfiTt Be low w os i broad 
double streamer, like the outspiood tul of a dove, symmetneal to the 
sun’s equator, while opposite to this was a single large pointed streamer 
involved in a miuh fainter dovetail symmetneal to tho one below 
The spectrum shown by an excellent direct-vision pnsm about mid 
VOL. Lxvn 2 F 
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totality struck me as lieing very coiitiimoiis for I dicl not see the 
K 1474 nng In common with ill othoi observers I was stnick by 
the extreme bnghtnesa and the lod colour of Mttcnry some pre 
ceding the Sun while ncii the zenith Auniis blared in the purest 
white 

riiming to the photographic lesiilts thiee successful iitgitivos of the 
prominences and tht (urona were obtained with the 40foot with 
exposures of O'O 1S«(> ml 3“0 lespoctively On the whole the 
long exposutu gives the Iiest picture in the uiiginil negitive the 
hght of the greit equitunil stroameis cm lie traceil to a ihstance of 
about one sol ii di mit toi fi m the moon h limli while the detail of the 
shoitei stiiameis is shown with <oiisilet ibU prieisioii Ihe shoit 
exposuiLS natuiallv bung out the shoiUt i lys thit ire to some extent 
lost in the biightnoss duo ti the lung cxposnie 

There aie ilso twenty four speetiogiams taken with a direct vision 
piism ilriwii in fiont of the objeit glass of the 10 finit Of those two 
gioiqis of ten cich wtie sediiiil one set as totdity w is coining on mil 
the othci ininiediItch aitei ithul uided Fhev weie tikeii on plitis 
meisuinig S niches l\ ICi iiuhes so iii iiiged is to bi inovul It ins 
viiaih III the pliti holdet Utweeii euh exposiue The height of 
cich spoctiogi im IS 0 ( inch while in interval of 1 inih is illowcd 
iKtwecii the different pictures ihe leroiiitung four spectrograms wore 
tikeii alter totality with the 40 foot voting as v prism vtic camera 
The two eiiliei ones show H K. and other lines extending lieyond the 
continuous spectiimi while the two list are of little interest except for 
finding how long aftei the end of totality it is possible to obtain useful 
spectrograms 

In developuig these plates and ui making the copies and slides* from 
them we had the advantage of the skilful assistance of Mr Tohn 
Banks photographer of Fduiburgh 

McPherson s position inside the dark room of tho 40 foot gave him 
the unique opportunity of watchuig the lotiial imago of the sims 
apptiida^ us it impniitod itself on tho sciisitivo films At the time 
of ranking the exposure of iioaily iiiiioteeu seconds at mid totality ho 
doBcnbes tho pictuie as comparatively daik—very little of the corona 
ticiiig visible tho larger prominences woio, however uotieod, although 
they were nut nearly so hnght as afterwards In tho last exposure, 
near the end of totahty, the prominences appenrul of a bright flaming 
red colour, and tho picture on the plate was altogether a splendid 
sight Mr McPherson was watching the prominences imder tho 
impression that theic wore still five seconds to spare, as the time 
keeper at the metionome was coimtiug seventy and we expected the 
eclipse to last seventy five seconds, when all at once a sudden increase 

* The beet of theie elides u well w contect copici of the larger negatiree, were 
exhibited at the meeting 



»>/1000, ;l/(»y 28 in<vh nf fituta Poht fl/Mtiii 50l 

of bnghtiUMg took pliicc on the moon’s limb—white light Hutnuiig to 
tuilotci the edge of the mixm’h iIim Immululoly com hiding that 
the total phase was all hut ovci, ho let go the loid and closed the 
bhiitter \\hen working with tho pimi the exposures were fai too 
short to poimit of seeing tho imiges 

The spat canici i wxs in ehirgo of ANillhun Sliiightei, jictty oflicei 
of tho “ Theseus ” it lould nut possibly hayt been in bettei hands, foi 
in spite of the lightness of the I inch cquatorul momiling and tho 
delicate clock movement by which it was earned, ho e\})OBod all his 
plates without delaiiging the instinmint in tho slightest dugico S]\ 
spectiogiaiiis woic obtained in all, siyiial of which contun mtny 
ultraviolet hues belonging to the chiomosphcit, or jxissibly to the 
lower lajeis of the coiona 

Pending the presentation of the Mqioit on the shallow liaiids which 
is in my hands, but which I should like to supplement by a shoit com 
)iutntion, I may 8a> that the two ulhccis of the “ Thcsius,” Mr Gietii 
<ind Mr Alexander, succeeded in inatking tho com sc of the shadow 
liauda oil the vcitnal wall laith it the beginning and at the end of the 
total phase As toUlitv came on, the faint i ippling Iwrnls movid to 
the light upwards, the direction of motion making in angle of 30 to 
K)* with tho voitical, at the end of the <1 itk ph isc the motion was in 
the opposite diiection—to the left downwards the motion in laith 
Ciises Iteing <it light angles to the liius The lints apiiearcd in shoit 
Wayy fiagments (iuite at the last, a bttlo after thi nimn Imdy of the 
lines had disapiioaiod, there came a solitary thicker line, more distinct 
than the rest, and moving less lapidly in a ducetion inclined 47 to the 
yerticul, but otheiwise in tho same genet al direction as the rest of the 
Imes Iho wall was photographed, but although the negative shows 
the rod luios distinctly enough, the full blue coloui used at the 
lieginning of totabty, can scarcely lie seen in the photograph No 
hands were satisfaetorily made out on eithei of tho two other planes 

The wannest thanks of our party arc due—to tho Admiralty for all 
the assutaiice given to us, to the ofheers and crow of H M b. 
“ Theseus ” for their heaity eo opeiution, which contnbuteil so largely 
to the success of our eiide.ivoui8, to tho Bntish VicoCoiisid at 
AUeaiite, to the Siwiiwh aiithuiities and to oui Santa Pola fneiuls 
foi then iiiitinng eointesy aiwl kindness, and to the “Oiient ” Steam- 
BbpComp.uiy for their veiy lilieial loiicesaoii in caiiyingoui bulky 
impedimenta piaelie<illy fiee of cost 
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Total Ix^Iipsc of the Suii 1900 May 28 Prehminaiy Account 
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tPiArrs 2 5 ] 

1 htH tal Aumgtmeni'* 

An expedition to observe the total aol ir eclipse of M 28 having 
lieen Hanctionod by the Adnmalty it w is uringul in conceit with the 
Tnnit reiniHiicnt Jcliiwe Committee (hit the KojalOIison itory pirtv 
hhould tilco phutogiaphe of the CMirona on i laigc sc do foi otiiictiiral 
detiil and on a am die r acale foi the coton d stieimeis ind ahonld 
alao photogiaph the apcctrum of the flish ind of the coiona The 
programme thus imtut dly diMcled itself into twopiita Mr Chnatie 
isaiated by Mi Da\idsun taking chugo of the hnt pait and Mi 
Dyson of the st eoiid 

The pirty are much indebted to the Portugiuao tTOvernmint for the 
libel d 11 angementa m«le foi the conveyance of the obserxeis and 
then iiiatiumenta in Portugal ficoof all chiige to mil fiom then 
obsoiMiig station it Oi ii and foi the gieat lasiaUnco lundered in 
electing the inatiumenth ind for i d uly time sign d fiom the I lalion 
Oliseivatury diiect to the observing atatioii 

Ihey ire also indebted to Mr ]?i ink lt.inea of Open to foi miking 
ill amngemonta for a auitable olwciving atition it 0\ai, and foi 
much thoughtful proviaion for the comfort md convenionoe of the 
olwervera 

The party fiu thei icieivod i duablo laaiataiicw from Mi J J Atkin 
son, who went with them fiom biiglaud, and from Mr Arthur Beiiy, 
who joined them in Portugil on Miy 20, they leulily joined in all 
the woik of the expedition auch aa the erection of hute inatiuments 
iVc The paity are also indebted to them and to Mrs Kennedy iiid to 
Ml Rawes for assistance in the obsoivations on the day of the eclipse 

Ihiuiaiif —The olwerMng huts and instrunients weie sunt to South 
ampton on May 8 with the exception of the 16 inch coelostat nuiioi, 
and two boxes of photographic plates which weie taken with the 
observers’ personal biggago The obseivers left Gieenwich on the 
monung of Friday, May 11 soiling hsim {Southampton by the Royal 
Mail steamship Clyde,’ and leachuig Lisbon aliout noon on May 14 
Aftm an mterestiug visit to the Royal Observatory at Tapada, Lisbon, 
on May 10, tbe obsuvers left for Ovar on the evuuiig of May 16, and 
arrived there on the morning of Thursday, May 17 
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ITiey left Ovar for Lislmn on Tuesday ovoniiig, iSfay 29, the ilay 
after the oi lipso, and left for England by the Royjd Mail steamship 
“ ilagdalena,” on Friday,.Iuiio 1, reaclnng Southampton on dmio 4, 
and Greenwich on June r>. While at liislKin, the Astronomer lioyul 
had the honour of an aiidieiue with lIis Majesty the King of 
Portugal. 

Stiitimi. —The station chosen w.is at Oiai, in Portug.il, noai the 
extieme wosteily point of the line of lot.ility in Eniopo, having the 
lulv.intage of the longest totidity 

Oi.ir is a town alsuit twenty miles south of ()])otto, on the lailway 
line to Lihljon , it is situated on a h.tndy plain, which slietihes to the sea, 
the ne.irest point of the roast iHiing ahoiit thiee miles dist.iiit The 
metooiological conditions of this sutioii piovcrl to he good, the sky 
lioiiig eleai on eight of the thirtr'cn d.iys dining whirh the observers 
were there. 

'Fho htation occupied by the obseivois was the gaidcn of Mr. 
Silveiro’s house; its position, taken fiom the Oidn.incp map in conjunc¬ 
tion wath plans of the town, fuinished by the I’ublu Works Depart¬ 
ment, ih hit. 40‘ 61' .*10" N, anil long 8 .37' .1" V,', and is alniiit 1 j m. 
from the central line of the ocli{)sc. 

Eiritum ami I)is^H»<ilum a/Hah am) Jtt'4iuiiunl\ —It was lound on 
Hiinal at the station that the loose samly aoil io.ich(d to a dejith of at 
least 18 feet, thus lendenng the election of comiete oi masoiny pieis 
unsuitable, as well as impracticable. Tlie gioiind was arcordingly 
cleared on May 17, the day of atrival.and thoionglily rammisi; the wet 
w’cather which had piovailed pievious to the arinal, rendered this the 
more etfectiial. On the same day the instniments and materials for the 
huts woie brought from the railway atatioii, half a mile away, in ox- 
w aggons, and partially unjiacked. The arrangement of instruments 
and huts was also roughly marked out. 

On the next day. May 18, the huts to coA'or the instruments wore 
erected, and lioxes filled with stones, on which to mount them, were 
placed in position. The huts were light wooilen fiames, covered with 
Willesdeii waterproof canvas; they were fitterl together at Greenwich 
before starting, and the wooilwork marked, so that they wcio readily 
fixed up. Theio wore throe huts exactly alike structurally, each being 
8 feet square and 8 foot high, using to 10 feet at the gable; the canvas 
was thrown over the top and sides in two lengths, and tacked down to 
the woodwork; the enils of the huts w'ere anunged with panels when 
necessary, which could be removed as roquirocL Two of these huts, 
without any canvas at the adjacent ends, were bolted together, 
forming one large hut 16 feet by 8 feet, to cover the coronagraph and 
16-inch coelostat. For observation the bolts wore removed, and the 
hut over the coelostat moved liack a few feet. The spectro^phs wore 
in the third hut, and the heliostat suppljdng them was outside the hut, 

a r 2 
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and providiHl A\ith a light (.tiiivas lovor when not in u^u. The equa¬ 
torial with ihe donlilo ttilx* tot the small-ucalo photogiaphb of the 
corona was (.o^ete(l witit a shoot of wateqiioof canvas wlieii not in use. 
The arraiigcniont of the different huts anti instiumonth is shown in the 
accom^ianyuig plan. 

The instiumonts were all erected on May 19, the ulcservois thus 
having a clt!.ir week to .uljust them, .iiid to t cheat so the olisoi vations. 

I’eiiiiwtifl. -The following hst giios the n.imos of thobo who took 
part tn the oliseivations 

W. 11. *M C'hiistie —Thomjisoti totoiugt.iph L.tige se,ale photo 

gi .qilib of rot oiia. 

F W Dybon — Douhlo pliotogt.iphie sjxsctioseope. S|)ectnim of 
“ flash ” and of eoioiia. 

C’ Davidson • Double (iimeta Small stale photographs of corona 
to show evteiisioii. 

J J. Atkinson :—Ajcsisted Mr. Dyson, moving jilate-holders and 
ch.ingiiig pl.ttes for the Hint piisui spec tiosco|ie 

A. Ik'iiy —Counted seconds lot hist half of totality, and then set 
the liehobtat for second contact 

Alts. Kennedy.- Counted betonds foi sotoiid half of totality. 

Flank Ikiwes.—Read theimonietoib dm ing e< lipse. 

Foiii I’oitiiguese Soldieis - fl.indod plate hohlois dming totality 
foi Alt. Chiistio and .Mi Davidson iesiK‘tti\oly. 

The following was the method of piociHlure, which was eatefiilly 
rehearsed on several oeca-sions pievioiwly. The ohbct i its w ore bUtionod 
at their uibtiuments, and Air. Chiistie watched the dimniislung 
crescent of the sun on the giuiiiid gkiss ot his cotomigraph He 
had a papoi scale on which the lengths of the descent were marked, 
computed for the intervals 3 mins ,3 mins,, 1 min , 45 sees , .10 sees,, 25 
secs., 20 secs , I.*! secs , 10 secs, lief ore totalitj , at 13 secs, the length of 
the crescent was 2 64 niches, and at 10 secs liefoio totality 2 30 inches. 
Having previously given the signal, “Get Ready,’’ Air. Christie called 
out “Ten” at 10 secs. Iwfoie totality, which was the signal to 
Mr. Dysoir to liegin the exposures for the “H.wh.” At totality 
Mr. Chnstio again gave the signal (the monosyliahlo “ Trip ” was used) 
and Mr. Berry started a metronome which h.wl Iroeii carefully rated 
to give seconds, and proceeded to coiuit up to 50. Airs. Kennedy took 
up the count at 51, and eontinued counting as far as 100, which had 
been estimated as 10 secb. beyond totality While the count was 
proceeding, exposures at Hie sevoial instruments were made, as deserilied 
in the sepaiate reports. 

The Ihiy of tius Echpte,—It was quite clear in the early morning, but 
some light cirrus clouds rollected later, causing the observers some 
apprehensions. There was some light cloud in the sky during totality. 
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hut thtre 3s no leason to suppose thit it inteifeied tiLnousIy with the 
observations 

The hist emitict odUirwl it 2' 6 20’Ijislion Mtaii Time iiid whs 
observed by Mr Chiistio on the fi'ioiitid glass of the i imi igi iph The 
time of (omminccinr lit of the tot d phise «as not i iiiattU noted 
the dm ition whs olismed (bj meuis of i stoji w it h) in I foiiinl to lie 
84^ sots during which the prognmmo detnlid Inl ov w is (niritrl out 
After totihty photographs were tikon for oiieiit ition Thr fourth 
contact w IS it 4’ 16 II’IisIhii Mem Time Iheii w is i goiwl dral 
of light during totihty thr diminution of light btiiig similii to thit 
ocemnng during a heiiy thniideistorm in huuimor The tempiratme 
full i1 out 8 during the eclipse 

Dining totality Meituiy iiul Venus woio seen Miitiny esjietially 
heing voiy biilhant Ihe olisetterh hul not much opportunity of 
ohseiving the itteiidint phcnomeni of the eclipse ind with the issist 
once which was kindly given them weie only just able to piuvidi 
odequitely foi the woiknig of the mstnimonts 

II /kiffftiqh / Ih ( Kitf 

The programme of ohsoia itioiis was comjHised of two distinct 
parts — 

(1) Photogi iphs of the corona on a Urge suile to show structural 
det III 

(2) Photogi iphs on i smallei stale with lapid lenses to show the 
colon il stre iraors with the greatest {wssihle extension 


(1) lanffs il Pht4o/)tpJh 
(These were tiken by Ml W H M Chnstie) 

The instrument used for (1) was the Thompson photogi iphic tele 
scope, with ohject-glass of 9 inches aperture and 8 fret 6 inches focal 
length, belonging to the Roy il Olwoivatoiy, in combination with a 
concave telephoto lens by Dallmeyer of 4 inches apoituie mil 16 
inches focus fitted as a secondaiy magnifier, to give an imago of the 
Sun 4 inches in diameter, with a field (for full pencils) of 14 inches 
diameter The total length of the coronagiaph was 12 feet—the 
eqmvalont focal length being about 36 foot A coalostat with 16 inch 
plane mirror (made by Dr Common) was employed to reflect the rays 
into the coronagraph which was mounted (on Ixixes filled with stones) 
so as to point to the mirror at an angle of depression of about 6*, and 
at an anmuth of about 56* West of South for the day of the eclipse 
The camera was furnished with five plate-holders to take 15 x 15 inch 
plates, or for the shorter exposures 12 x 10 inch plates in a earner 
The fise slides for photographs of the corona during totahty were 
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exposed as below, the expusiues being given by the oliserver with tht 
exposing shutter of the plate holdoi, uid the times notul by him, 
lounting fiom the commtncemuit of totility 


No 

1 

Begin 

nut 

7 - 

J xpoeun 

tnl 

84 - 

Bum 

tion 

Plate 

1 llltCIll 

12 m X 10 III 

2 

16 

22 

b 

I mpress 

12 xlO , 

3 

JO 

'50 

20 

Sandclls Inplccoited 

1 > xl 5 

4 

56 

68 

12 

Sped il It ipi 1 

15 xTi 

5 

7 b 

78 i 


I intern 

12 xlO 

As E 

wxm IS 

jKissiblo aftei 

t italily i sc on 1 pi ito 

w IS put m No 5 


pi itc hnidci and exposed twuc < n the sun f >i oilent iliun (v, ith diivmg 
clock 8topix.d for I mm lietwcen) the exisisme liemg is shoil is 
possible (’ to j sec ) ind the ipeitme reduced to i inches 

Abney squates weie piitoiiNis 1 (taicc) ii i > ifiei letu n 
home 

No 1 JOO eYpoMuie it'5 ft to stindiid t indlc 

No 3 S'* and 30 5 

No 5 300 3 

Thoplatcs weie all doiolopel ittci letuinhomi hydnxiuinoue (blute 
liemg used Nos 1 ind 5 utiioitunitely blisteiul I ully m de\elop 
meat especiilly No 1 though t\eiy cue \i is tiken the devtlopei 
lieiiig at a temperatuie of 60 It is to I o lein iiked th it othei plates 
developed at the same tune undet piecisely similir conditions weic 
free from blisteimg No 2 is to i ceitim extent dishguied with spots 
oiitheplite, which, howevei, do not materully inteifeie with the 
coronil detail 

No 4 shows hue detail in the polar plumes ind coronil stieimers 
extending to ne irly a diameter of the bun tiom the limb No 3 shows 
neatly the same 

No *5 shows seiy hne detail in the piommentts intheSW quid 
taut, with gi iditioii of brightness meigiiig mti *he coioiiil stiuctuie 
close to the limb, thus showuig a cuntmuily lelaecn the two pheno 
meiui ukI attoiding flesh eviaenco of the asao iitioii lietwecii coionul 
stieimers and prominences, whiih wis uidic ited m the photogi iphs of 
the eclipse 

It shoiUd lie mentioned that the coronagnph was caiefully focussed 
in the same maiinei as foi the eclipses of 1B96 ind 1898,* by meins of 
the image of an object (gatire net) in the pi me of the plate leflected 
from the plane minoi of the calostat Ihe focus was thus obUinuI 
with gieat iccuracyaftei two oi thioc trials, uid it was found that the 
held was lemarkably flat 

• Monthly Koticss BAS, rol »7 i 105, Boy 8oo Proc,’rd 64 p 8 
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(2) SnuUgnih Pludm/nqiht to Juno Kji/U'>ion of tht Coioiin 
(These weio tokott by Mi C Diividsori) 

'Iho double (.uniero, Ubod iii former ctlipses, wus ndapted to tuny .v 
DHllmeyot lapid rectibiicHr lens of 4 inches apeiture and d4 inches focus, 
Aiorkiiig ut f 8 in one half of tho tube This loiih was It nt by the Itoyal 
Vstiononucal Society, the two hah os, which had been usotl sepal ately 
in foimer eclipses since 1882, haiiiig lioon reunited foi the piesent 
ecbiiso 

111 tho othei half of the cameia tulio thcie wits mounted n new 
“Unar” lens by Koss, of 2 4 inches apoituro and 12 inches focus, 
woiking at f/5 

Foiu pLite holders, each taking t pair of 16 x 16 im plates side by 
Hide were used during totality, both plates being exposed by a qiiaitei 
tmn of a shuttci A fifth plate holder was used to obtain double 
images of tho Sun foi oiientatioii as soon as piactiuible after totality 

Tho double camera was mounted on the oquiitonal stand of one of the 
Dallmeyet photoheliogiaphs, otiginally m.ido for the Transit of \onu8 
1874, tho middle section of tho stand lieing removed to make it moio 
handy 

Both lenses weie caiefully focussed on stai holds, the final adjustment 
lieing made by nisei ting thin moUl iings lieneath the flange of the 
lens 

Tlio foiu slides foi photogiaphs of oxteiihion of tho coiona weie 
exposed as lielow, tho ex|>usiues lieing noted by the oliseivci, counting 
fiom tho commoncemoiit of toUhty 

1 I|MSUI( 

Begin Dura 

bo nmg Bnd (ion 

1 3-8-5- 

2 18 48 10 

.1 57 72 15 

4 80 8) J Enipiess 

Shoi tly after totality the fifth slide with Sandell double iu.ite<l plates 
W.IS exposed thieo tunes on the Sim foi oiioiitation at inteivals of 3} 
mills with the driving clock stopped In this case lioth lenses were 
stopped down to then smallest apeituio, i • , f/64 foi tho “ Unar ” 
lens and f/44 for the Dallmeyei, ami the exposure was as shoit us 
possible (about { sec ) 

“Abney squaios ” wore put on Nus 2 and 4 ofloi letum homo. 

No 2 30 secs exxxMiuo at 5 feet to stunilaid candle. 

No. 4 10 

The phoUigraphs with short expoeuie No 4—3 secs, are the most 


Piste 

ISatidull Double coatwl 
„ TnpIe<outed 
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aucceflafiil, and show the groateet extension, that taken with the 
“ Abney " lens showing rays which can lie trace<l on the east side to a 
distance of more than 2° from Siui’s centre, and on the west side to a 
distance of fidly 1|°. This is further than they could Im traced visually 
luider the atmospheric coinhtions at Ovnr, where the olwervera traced 
them to a distance estimated at j of distance of Mercury from centre, 
i.c., 1’/. 


Ill, The S{Hitiie>(opu Ciimeiti^. 

{Hy V. \y. l)Yw.\.) 

liitfiniiienh .—The spectroscopes useil wcic two kindly lent by 
Captain Hills, and employed by him in the lniU<in Kebpse of 1898, 
•faniiaiy 22. The det.iils of then .idjuhtinents as used at (Ivar aic as 
follows. 


.'<H<>ctn)«4s>|io No 1. 


SlH<trowo))o No 2 


t'bjerliie 


CollmiiUur Slid onmera 



Prisms At nniiimam 
del istioii for 


Cookp, atliromatii, ti in 

A)wrtiiio, « ft. 21 lu 
toeu* 

dingte quurtr ions, 2 i in 
aperture, 30 in loeui 
liin hyO-UOliin 
T»u (leiiM flint prisms 
of (J 0 “, 41 in bosc, 2 i 
III. height 


Hy (A 4340). 


Singlo iinsri/ lens, 3 in 
aixrture, t f(. 7f in. 
I focus 

.Single ({uarts lens, H in. 
I aperture, 30 in. foous. 

2 m bj 0-0012 in. 

I Four double quarts 
prisms of 00 * (each 
prism being composed 
j of two halt-pnsms of 

' right- and left-handed 

I quar(s),Slin. base, 2 } 
in. height. 

I U( (A 3880 ). 


The width of the slits wore adjusted by a methotl given by Mr. 
Nowall. The thud diffr<ictioii image of the slit, % lowed by putting the 
eye near the position of the plate, was made to come on the edge of 
the objeot-glags by alteiing the width of the slit, and the slit left at this 
reading. 

The length of the spoctnun on the plate for spectroscope No. 1 was 

Inches from Hg (X4861> to K (X3934), and for spectroscope No. 2 
2l inches from A 4100 to A 3500. 

Both spectroscopes were mounted horigontiilly, and were supplied 
with light by a heliostat furnished with a 12-inch flat mirror. 

Erediou and JdjuMmmt of the nature of the ground 

was unsuitable for brickwork or concrete piers, three of the boxes in 
which the instnunentg were carried were filled with sUmes and the 
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» erected on them On one of thcee—a large clock caae, 
6 feet long, 2^ feet broad, and feet high—the hehoetat was placed, 
« light wooden frame holding the two objectives Thu was covered 
when not in use by Willesden canvas on a bght wooden framework 
which could bo re^Iy lifted on and off Ibe spectioscopes stood 
on a mahogany table, 6 feet by 4 feet, which rested on the topmost of 
two boxes The boxes were of such a height that the middle of the 
sbts of the two spectroscopes wore respectively hilf an inch below and 
half an inch above the centre of the minor Thu had to )jo arranged 
somewhat earefullv as i 6 inch and i inch Ions had to be suppbed 
with bght by a ] 2 inch nuiroi whose normal at the time of the eclipse 
was incbned mtte thiii 40 to the incident ind reflected lays The 
qiectroBGopcH were in i hut, 8 feet equate mule of Willesden canvas 
facing north and south and with the noith side open when tho instni 
ments wore in uw 

Ihe ailjustment of the jiolar ixis of the hebostat was made by 
means of an attached the< dobtc tho altitude of the axis lieing first set 
to the latitude and the asimuth then uljiuted by uluorving the sun’s 
deoluiatioii at diflctciit hour ingles from 9‘ to 16* In thu way 
the iiistniment was loacblv idjusted till tho obseivod dechiutions of 
the sun agieod to within i with those of tho Nautical Almanac 
throughout the above range of hour angle Tho stabibty of the 
mounting of tho instrument on the sand was quite satufaetoiy, only 
very small changes in level occurimg, uid no perceptible changes in 
Hxunuth rhe only chfficulty experienced with tho hehoetat was in the 
driving, which u not very satisfactoiy at large aomuths 

Ptoqtutmiif of hrpoiuff —The two spectroscopes were adjiuted to be 
as nearly as possible on the sun s limb smiultaneoiuly, and the pro 
gramme of expusuros was the same for both The cameras of the 
two spectroscopes wore provided with rack movements, so that a 
number of exposures could lio made on the same plate A flap was 
arranged so that the exposures for laith spectroscopes were made at 
the same time ihe programme as airanged with an expected dura¬ 
tion of totabtj of 90 secs was is follows 

Ten exposures were made of 1 see duration begmning 10 secs 
before totality it alwiit 1 sec apart for the spectrum of the “flash” at 
the beginning of totality The plates were then changed, and at 
90 secs from the b^pnning of totabty the plates were exposed for 
60 secs, tr, till 70 sees from the bcginnuig of totabty for the 
apectrum of the corona The plates were again changed and the 
bnage on the sht moved by Mr Berry by means of the slow motion of 
the hehoetat,and ten oxponireeof 1 see duration, hefpnnuig at SOsect 
alter ftnt contact, were given far the speetnun of the “flash" at 
lerond contact. conditiona under which the “Sash” was photo- 
graphei), as deteimmod by the circumstanoea the eohpae at Ovm and 
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the inbtnunentB lued, are shown in the acoompanying diagram, which 
K enlarged about four tunes 



O IS th< ctuttc«f the suns dist \B is the Inyht iit is scon 
10 sees iKfoio tot iliU iiid is 70 llu cinticof tin in c, C, u hich is 
ilMiut 1 fiom the ctiuvtoi w 16 i1k)\c the point 1) whtio the aic is 
\citu il (Hid could lie mule to touch tlu slit Ihi slit iihith is repio 
suited by dottid lines <ut the biighl «( lH.tMiLii( and 1> the hon 
/(lit d distiiKO iKtnidi C iiilDbung 'uth f in imli ihitimefni 
till hist cxposnic lu 10 sees before totditi « is given to the 
obsciveis by the Vstioiionui Koy d frem the hiigth of tlie ripidly 
diminishing in is Mcen by him on the giennd gliss of the loiono 
gi ipli This time appt irs to have lieen given eoiuet to ilioiit 1 see 
The position of the image on the slit vi is not changed foi the 
slieetiumof the colon i, whith was obtiiiied iit ii the point of hettiml 
tonlut 

lot th( “flish’ at thud tontiet the slovv motion of the heliostit 
VI IS used, miking tho suns image tiivel in the direction 00 of the 
diigram, tho nnouiitof tho displacement Iwing dotciminul by watch 
mg the 8 U 11 ill tho atticlied theotlolite Ihe position of the slit 
ulitnely to the bright ne is shown in the second diigi im , m this 
i we the slit w is not neiily tuigintiil to the miii s limb 

Iho pliotogi ipbic plites usoil were llfoid 1 mpiess for the hist 
flash" photogisph with the flint sptittoscopo iiid foi both the 
flash photographs with tho qmrtr An llfortl ‘ Ordinaiy was 
usctl foi the BLioiid “fl ish photogi iph with the Hint Culett ‘ I ight- 
iiing plates w ere used fo Imth photogr iphs of tho corona sjiectnun 
Sy i h urn of Du Si/wN Itmh Tlie soneo of spectra of tho limb show 
i largo immliei of lines, but they hive not vet been examined ludetail 
\Vith tho flint spuctroseupc a s{K.etrum is obtained extending from 
F to K This IS good fiom 1 to h With the quarts the bpee 
tinm reaches from A to X 3300, and u in good deflnitaon to almiit 
Xd430 Iho photographs taken with the quAitz spectroscope at the 
toL ixni o 
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beginning of totnlity are an interesting senes They show a long 
sones of hydrogen linos (26 beginning at h), and a large number of 
iron ind titanium lints The difleronco in bihaMOur of these two 
metils 18 shown in a striking m inner the titanium hnes, like the 
hydrogtn lints being blight in the whole soups of photos beginning 
10 sets In foie totditv while the non lints ait loiprsed m tht 
earhoi photogriphs 'Iitinium lints at wivt lengths 3685 30, 3761 46, 
snd 3759 12 iro spetiilly blight A icpicKluctiun is giitn of part of 
this sones of jihotogi iphs (PI itt 23) 

Ihf C 7 717(7 S^rrt) 7 Kepnidiirtions of thtst tpoctra iit given in the 
attompinjing phtc (Plitp 24) AAith tht flint spectrostope i con 
linuons spcctnim is i btunel fioin 1 to H Light blight lines sre ibs 
tinttly shown stretching light itioss tht continuous spectrum, and 
btv tr il shoi ttr lints in thi dctiMPsl p iit Tht lino 1474 K is not show ii 
ptobablv bet Hist pldcs spetidly stiisitivo in tht green wore not nsetl 
Ihe wivtlengths of the hius have lut vot heen dctoimmid Iho 
positn ns of the corona lineb aio nidicutid on the plate and cm be seen 
in the top iMind though only faintly 

With the quiitr s{>t(tioscope i coiitiinious spectrum is shown which 
tin be funtly tnecd as fit is X 3600 btiong blight lints uio shown 
-it X J9«7 and X 3801 


I^otfi/ihi 22, 1900 

The 1-OBD LISlLR, PROS DLL, Piosidont, in the Chsii 

Mi John Homo was admitted into the botietj 

A List of the Presents received w is laid on the table, and thanks 
ordered for thorn 

Ills Gi ice the Duke of Northumberland, a member of Her Majesty's 
Most Honourable Piivy Council, was balloted for and elected i Fellow 
<lf the Society 

In piirsuinco of the Statutes, notice of the ensuing Anniversary 
Meetmg was given from the Chair, and the lut of Ofiicers and Council 
nominated for election was read os follows — 

PrestdrTU -Sw William Hngginsi KCB,DCL,LLD 

Tretn/a —Alfred Bray Kempp, M A. 
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See, rfffli _ / ®*'‘ Michael Foetor, K C B, D C L , LL D 

I Profossoi Arthur William Buckor, M A , D Sc 

h<ntnjn Sea,hu}j — Thomaa KdMaul Ihorpc C B , Sc D 

Other M(mln\ f tli, ( an il I*iofu.aor Htniy Fdwaid Armstrong, 
LL D , Chulea Venioii Bo} a IIoi uo f Brown, I L D , M illuim Henry 
Mahoney Chiistic C B Profcaaoi hdaiii Bailey Llliutt M A Hans 
Fiiodnch G idow, I’h 1) rioftasoi Milliani Mitclunhon Ilicks, M A , 
Lord Liatoi iliCS PiofisKorWillmm CuniiLhitl Mdntosh,FLS , 
Ludwig Moiid, Ph 1) Pioftssor Arnold Milliaiu lieuiold Af A , Pro¬ 
fessor J Lmirson lt(}nolds, S< 1) Itoboit Henry Scott, So D , Pro 
feswii Chalks Stott Shoninglon M D IT H Tinll MA Sii John 
Wolfe Bairj K( B 

The following Papeis woio it id — 

I ‘luithti Note on tho Spotti mil ( Sihtium B\ Sii J NormAN 
lo(h\lit Kt B 1 US 

IT ‘ On Solai Chiiigtstf lonijitiilme ind \aii itioiis in Bainfall in 
the Ittgioii aiinoumling the Iiidi in Ottan Bj Sii J' IioHMAN 
LocKtm KCB,1 US uid I)i M i S IotkyiiR « 

III On the Utslotation of Cooidiluted Mtniments iftcr Nerve 
ciobsing with Inteuhaiigeof 1 unction of the Ccrohril Cortical 
Centics * Bj Di UoiFRT KtNNi'Dt Conimnimatod by 
PiofcMtor M( Ki NDRK K, h R S 


biiithei Note on the Spcctium of Siliunin By bir Normait 
Loimlu K( B I Us UettiMdOitobci 20,—ReidNoxoni- 
liei 22 1900 

In a pieiions note* I gate iii at<omit of some observations on the 
Mpectrum of silicium, and ahuwctl the rclatitMi which exists between the 
various groups of silicmm luios and ccitiun hues prominent in the 
spectra of some of the hottut stirs 

Further photogiiphs haic recently lieen obtauiod (with a linch 
Cooke spectrograph) of the spcttium of silicimn bromide in a capillary 
vacuum tube, and of the spxrk spoctnun lietween two poles of metallw 
aiHanitn which wero kindly sent to me by Sir William Crookes In 
each ease the laige Spottiswoode cod and plate condenser were used 
The spectra extend from about X 3890 to D, and occupy a length of 
about 7 inches between those limits Although all the nlicmm hnes are 
* ‘Boj Soc Frop,’iol 60, p itfl. 
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t to the two epc ti v the rolituc intcngitiOT of the lutes diffei 

gioatly 

These later photogiaphs shiw ill thi lines Liinmented in mj former 
< nmmuiiicatioii uith the ihiiti ii rf sen ill fainter Imcs and i strong 
<loiihle in the giccn thi littii tilling iiitsilo the regiiii provioiial} 
imestigite 1 

I Hies ui the spa k spectinm tf siliciiim hue heeii lecu ltd by Fdor 
iiid \ iltnti* iiid bj I xnu in I lias htkr A comp ms >n of thtso with 
the lines phot gi iphe 1 it Kensington is giien in the fi llowing tible 

Bettoi phitopiiphs of the sjiccti i jf the t\pe stars liaio been 
iecontl> obtiined ml we a t now in i niirt sitisfi tery pisition to 
tiace the i uioiui sih nmi lines through siucessiie stages of stellir 
tempeiatine The lines in the spoetri of a C>giii jH Oritiiis y (hionis 
and c On inis whieh e inespi nd with lines of silui im art in heated in 
thi tible b} then inUnsitus 

In myfoimer irtt the lines were diiiltd into three sets A B, C, 
and the lahiii iii <f the lifteient sets in teiiestnil iml celestial 
spoctn w IS deseiibt 1 I hi grmpiiigs wire then mile roughly 
spoiking 111 Older of wneliiigth hri iiy prisint piuj)OM« it is 
important to dnidt them aceording to the con hti ms uiidci whieh they 
lieiome puminciit lines this iiil^ iniohcs thi chingmg of the order 
<)f the gtoups and inv hes no inteuhinge of iii} of the lines from 
one group to another Kefeteneo w is ils > m t le pavinusiy to a line at 
A. 1905 8 sjiei i il to thi iii but as this is n it an eiih ince 1 lino it was 
not incliuled m any of thi seta ABC Hence I now wld anothoi 
gioiip consisting of lines most prominent in the ire spectrum Ihe linos 
lonstitiiting the \anuuB groups will then lie isgiMii lielow arranged 
in Older of ascending temporatuie Group 11 iing the lowest — 
r4099 1 


(rionp 


f4( 


4096 ) 
411b 4 
r 4552 8 
ip Ills 4)6s 0 
U 374 9 
nS)3 9 

I 18jb 1 


Set B of pillions note 


Crioiip II 41-8 1 
, 4131 1 
I 5042 
1,5057 

, r3905 8 

14103 2 


• SiU Kail Akad dirWiM Wien lol 107, p 41 
t Alt Phys Jour to! 12 p 48 
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The linos in Group I, although appearing in the spark spoctnun, are 
stronger in that of the arc, and therefore caimot lie clnssorl as enhanced 
lines. They are both given hy Kowlaiid in his “ Table of Solar Wave¬ 
lengths” as Iieiirg coincident uith lines in the Fraunhofer spectrum, and 
may lie coiisideroil as the lines of ulicium nhich make their appearance 
at the lowest of the tcmpeiatures wo arc now considering 

It will be soon that only the stronger lino of the two is rejirosenteil 
in the spectra of tho stars included in the table, and that only in 
a Cygni, which h.is licen placed lowest in order of aseonding tempera¬ 
ture among those toferred to ft cm a pietiuus investigation of lines in 
its spectnim other th<in those of siliciuni 

It docs not appear to evist at tho higher stages of stell.ir tomponiture 
represented hy p, y, or c Ononis. The atisonce of the other lino fiom 
tho spectrum of a Cygni may Ik* accounted foi by its comparative 
weakness in tho silicmm an sjiepimm In a Cygni only the very 
strongest of tho arc lines of iron, manganese, tVc., arc a-ptebcntod, and 
then only as very weak hues. 

The lines m (rroup II are either alwcnt fiom the most recent arc 
spectnim photographed at Kunsiiigton or e\wt there only as weak linos. 
Tho memliers of tins group are pioniniont Imth in the vacuum tube 
spark and in the spark hotwoeii p«>lcs of silicium, hut ate upon the 
whole more prominent in tho lattoi spectrum. Consiileniig the first 
five lines in tho group, which are the only ones comparoblo with the 
Kensington roconls of stellar spectra, a glance at tho table will show 
that they are at their maximum intensity at the stage of temperature 
represented hy a Cygni, and decline in intensity as wo pass to the 
higher succcssivo stages represented hy /3, y, and c Oiionis. At the 
latter stage some of them have disappeared, and the others are on the 
verge of extinction With regard to the remaining two lines of this 
group, those at AX 5042 and 6057, the position of which cannot be 
oetimated more accurately than to the nearest tonth-metie on account 
of the (hifuseness of the linos, it is extremely probable that if better 
photographs of that region of tho spectra of a Cygni and Bigel were 
available, linos woul<l be found corresponding to these silicium lines. 
Keeler has recorded* a lino in the spectrum of Itigel at X 5056, and 
this is probably identical with the silicium line at X 5067, which is by 
far the stronger of tho pair. 

The lines in Group III occur both in tho vacuum tube spectrum of 
silicium bromide and in the spark spectrum. They appear as a well- 
marked triplet in the latter, but not nearly so prominently as in the 
former. 

They first make their appearance in stellar spectra in a Cygni, where, 
however, they can only just be traced. They are a little stronger in 

• ■ Art. »id Art. Ph^180*, Tol. 13, p 489. 
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P Ononis and are most pi eminent in / and t Oiioiiia in which two 
spectra they are of ihout iqiid intensity 

The lines in (noup I\ ha\c never lieoii seen in the spark spectjnm of 
sibemni when snidl coil an I snulljit c qiacity aie used hut with the 
spark given I} the Spottiswoudo loil and plite cmdenser the> ippeai 
as weak lines The} tic nut like thi meinl ers of (ti mips If and 111, 
seen in the spcrtium ft im tlu bulb whtii a i icuiim tulie is used but in 
that giaen by tho cipiUuy the stiongest ones arc aery prominent ami 
aie in intensity with the lines cf (irtnp III 

None cf them appe ii in stellir spectra until tho lea el • f temperature 
It presented y Oiinis and in tho sjioctium of tint stir enly the 
stiongest of the thiee is with et ituiit^ piosent At the«Oiiunis stage 
huweaet th(\ hiae dtiil {( 1 iiuimc islj in intinsity uid tie iniungst 
the mist ])toiinn 11 lints in the spi tiiim 

1 he identity of st me f the silici ini luies in p ii ticul ii those consti 
tilting Oroiip 111—with huts in stellii specti i wis subbtquently but 
indepondontl> conhinud iiid tho lesiilts jmblishid* ly Mr I unt 
Absiht int at the U d Obsei a it >i> C i{)e f G mi 1 Hope 
Tho stir the bpcttium tf aahitli he liitfly tonsiltied wis j8 Ciutis 
similii to tint ut y On mis the ty^te btii in the Kensingten clossih 
e ition 

1 ho only enh met 1 line i mimt n to the Kensmgt m ind I xm r and 
llascheks lists whi h <1 es n t ip}ieir t lie copies ntel iii stellar 
spectia 18 that at X 4010 0 It is enly a ait ik line m tho spark 
specti um and miypossilla le tint to an impuiity the ugh it has not 
;yet boon traced ti anyothei oiigin In the Kensington photograph 
It IB a shirply tlohned lint and unlike the other siluuim lints in 
ippoaranco L\ner and ilasehok htweaei ic oid it as a a oi y diffuse 
lino 

Of the four atlditional linos given by Fxnoi anil H ts hek at XX 3883 46, 
4021 0 41017 and 47b4 20 none tppeir in in} of tho Kensuigton 
photugr iphs nor aie they lopiesentod in tho speetr i of any of the stars 
included in the disciissii n With these facts in view it would appeal 
extremely doubtfid whether they are really due to siliciiim 
In a former piper On the Chemicd Clissificatiun of tho Stars, 11 
gave tho chemi al dehiution of the aanuus groips At that time only 
the stronger lines of silieium includotl in Croup II weie known and 
traced thiough the stell ii genera 

We are now m a position to levise tho chtniicil definitions luterpola 
ting the aanous groups of silicium linos as they appear in the stellar 
groups 


• A troptiTi Jour lof 11 p 2fl2 
t Rot 'loc Pio a 1 6» p IHb 
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Furtliei Note on the Spechum ofStiuium 

DtUMTlONS OK SXEir^R GhvmA 
ArioHta» 

Piedomiu i if —Hydrogen and pioto hydrogen 

Fautler —Helium, iiiiknunn gsi (A ■U'll, 1157) proto magneiium, p'oto 
ealiiiim Mtirium 

if a famian 

Pifdominttil Hydrogen luUiim unknown gas (IQtO 2), ulicium (TV) 

Pamifi —A.«torinni, silKium (III) proto lijdrogen, proto magneniuni pioto 
laltium, oxjgiii nitrogen iiiibon, siln lum (IT) 


Aekfrniau 


PredomiHanf Hydrugin UlIiuiii, | *»aini ns CruLian. 
astenuni, oxig n nitrogen tarbon 
Paiuftt I’lotu 111 tgnesmin, pritu 
caliium eilieium (III), unknown gioi I 
<A46402) siliiiiini (II) silieinm (IT) 


PitdomnaM Hydiogen, lit 
liuiii proto n agiiQMuni sstciiniu 
tainlti Kioto ( lUiiitn, Kill 
(lum (IT) proto lion pioto titn 
uiuiii piulo (liruniuitn rntrogeii 
carbon oxygon 


Af joluin 

PiedomiHatil Hydiogen piolo 
niagnoiuin piolo ialtium,}itliuiu, 
Biliiiuni (IT) 

><i«<i/ei—Proto iron, ssUnuiii, 
taibon piolo tilunium, proto man* 
gancKO, proto nukrl 


Hii/flia I 


VatkabiaH 


Piedami taut —IItdiogen,nroto 
(al< lum pi oto magnitium, hi hum 
tilitium (II) 

ini»tn — ksttnuni, pr to iron ' 
esi bun, niti ogen proto titanium i 
prit> lUruniiuui oxygen nlirium 

(in) 

CgfHian 


Pit Jomimnl —Hidiogen, proto 
taluuni proto magniSlum sil^ 
I aim (II) 

taiKftr —I’roto iron, holium 
astenum proto titanium, proto- 
manganese pioto nickil proto 
chromiiiin 


P> idominaiit —Hydrogen, proto 
calcium proto niagntsium, proto 
iron silitiutn (TI), proto titiiniuiii 
proto ohremiuin 

Fainter —Proto luokil iih lum 
(1), proto ranadium, proto manga 
nese, proto stiuntium, iron (an) 
helium sihcium (ITI), astermm 


PrettomiHanl —Uydiogon, proto 
(iloium, proto magnesium, proto- 
iron, siliLium (II) 

Fatnitr —Ths lints of the other 
proto metals and the an lines of 
iron, calcmm, manganese, ailioiiun 

(I) 


Imea relakyely thin, hydrogen reietiyely think. 
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r<Aa,MS 

PmtoiKiiiaiit — I'lofo paliiiiin 
proto titanium 1ijdrof(in, proto 
magntmunn proto non, nml art. 
linu) ot (allium, non iiiBii(,iuii m 
■ ilitiuin (T) 

Fmniri —Tin olhtrpi itonutal* 
and inetulf onurring m tin biimti 

Aldtbnnau 


T’lorvoaina 
Same •<) Tolaiian 


UilHiian 


Predomiaaul —I’roto rail nun, an S iiii ii Aldibarton 
linerofiron i ilt mm,niangnni*f pi jt i 
•trontiuni, hrilr giii si'ic urn (I) 

Fatniar —I’roto non unil jrototita 


J 


AntarioH Viician 

Ptidonnsanl —Fliitingi of iningn Pn lomtna»t —]■ hitingt of carbon 

itiHttr til linca of mctalii tie 
tmnltr — \ji Iniis of intlillii ili nuiita 
meuti 


It Will 1(0 8ttn thit tho (oiiilitbioiis •urncil it m tht fuiiupt ]nit of 
the pipti ds tothi (liiioiLilt conditions undoi ninth the difttiuitgioiipi. 
of silumnt lints Ik tome piominont\onf> the oidoi in whuh tht sUis 
wore placed on i ■•c do of abtoiidiiig lemponturts 11ms those staib in 
whith fironp I otttire pionuncrill> uo it tho liottom, those in uhitJi 
<lroups II indlllpiodominatc txtupy inteimeduito positions, and Ihoso 
in which the huts of Gioiip I\ aio i spttiil fcMtiiic ipficar high up in 
tho classification 

The photographs of the Mluuini spoitiiwero taken h} Mi Butler 
Their discussion has doiohed upon Mr Bix iiidnll, who li is also tratid 
tho silitiiim lints thiough the sttlhr sjiectra, and issistoil in tho 
preparation of tht p ipor 


‘ On Solar ( haiigt's ot Tenipeiatuie and Vaiintioiis in lUinfall in 
the Region siirioundiiig tlie Indian On an By Sn Nokman 
T/xmkr, KC'B, FRS,and W T S LofK\i,ii, MA ((amh) 
PhD (Gott) Recentd Otltilur J6,—Etad Nos ember 2J, 
1900 

The fact that the ahnormal lahaMour of the widened linos in tho 
spectra of siuiapots since 1894 had lioeii accompanied by irreg uanties 
in tho rainfall of India suggested the study and correlation of i arious 
aenos of facts which might lie expected to throw light npni tho 
subject. 
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The concliuiuns already arrived at fro^n bringing together the results 
of sevoial investigations luidcttnkon with this view may Iw stated as 
follows — 

(1 ) It has been found, from a discussion of the chemical origin of 
linos most widoiUMl iii suiispolH at moMma and minima periods, that 
there is a consideiable use aUixe the mean temperature of the sun 
aroiuid the years of sunspot maximum and a considerable fall aiound 
the years of sunspot minimum. 

(2 ) It has lieen found, from the actual facts of rainfall in India 
(ilunng the H.W. monsoon) and Mauritius, In'tween the yeais 1K77 and 
1886,* as given by Blaidord and Mcldmm, that the elfecta of these solar 
ehangos are felt in Imlia at sunsjMtt imiximum, and in Mauritius at 
sunspot minimum. Of these the greater is that produced in tho 
Mauritius at sunspot minimum. The pulse at M.iuritius at sunspot 
minimum is also felt in India, and gi'os nso generally to a secondary 
maximum in Indi.i 

India, therefore, has two pulses of rainfall, one near the maximum 
and the other iie.ir the mininmni of the sunspot period 

(3.) It has been found that the ilates of the beginning of thuso two 
pulses on the Incbati and hlauntius rainfall arc related to tho sudden 
leraark.thle changes in the liehaMoui of (ho widened lines. 

(I.) It has lieon found, from a study of tho Faniino Commission 
leports, that all the famines theieiii recorded which have devastated 
India during tho last half-century (we hate not yet cairicd the investi¬ 
gation further liack) have oc'curieil in the intervals lietwoon those two 
pulses. 

(Q ) It has lioen found, from the invcbtigation of tho changes in (1) 
the widened lines, (2) the rainfall of India, and (3) of tho Mauritius 
diiniig and after the lost maximum in 18'J3, tlyit important variations 
from those exhibited diuiiig and after the last maximum of 1883 
iiecurred m all throe. 

It may be stated at the same time that tho minimum of 1888-1889 
resembled tho preceding minimum of 1878-1879. 

(6.) It has been found, fioni an inxostigution of tho Nile ciuvcs 
lietwccu tho years 1849 and 1878, that all tho lowest Niles rei-orded 
have occurred between tho same intervals 

(7.) The relation of the intervals in question to the droughts of 
Australia and of Cape Colony, and to the variations in the rainfall of 
extra tropical regions generally, has not yet been investigated. We 
have found, however, a general agreement between the intervals and 
the rainfall of Scotland (Buchan), and have traced both pulses in the 
rainfalls of Cdrdoba (Dans) and the Cape of Good Ilope. 

• This period wm eelroted beoMM Uto Keiuington obiervatlon* of widened linee 
only befpu m 1879, snd the ooHeeted nunfall of Indm hne only been pablwfaed to 
IK&e. 
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(8 ) We hwe had the opportunity of allowing those results to the 
Meteorological llopurtci to the GoAtrnmont of Imha ind Director 
ireneral of Indian Obstri atones, lohn Lliot lsq,CIt,FRS, who 
IS now in England and ho allows us to stito lus opinion thit the> 
aicord closely with all the known fwts of the luge ihnomial features 
of the tomporatuie pressure ind rainfall in Indu dunng the last 
twenty five years, ind heme tint the inductions drevly amved at will 
lie of great seivito in fotecistingfuluie droiighu. in Indu 

\ddcnduiii Riti i\td Notoiiiliei 10 1000 

Since Meldiiim and one rf us <allid ittcntion in 1872, to i [jossible 
connection lietween aunapols ind lainfdl there has 1>een a luge litera 
tiiie upon the suhjett whuh it w not nctessir\ for us to analyse, it 
mil he simplj stiUtl tliat in sjiiti of the logent cvideme advaiiccil 
since thufly hv Meldnini and in liter jtus 1>> Mi Hutfhiiis* it u. 
not \ct geneiall^ icupttd tint i rise foi tin conrurtion his lieeii 
ni «lo out 

Mhit has licdi ItKiked for hib lacn i fhinge tt miMiiiuni sunspots 
only the idea Ixing thit theie might Ik an eflt. tiie (hinge of solai 
itmperatim eithei in evtcss or defei t it such tnius, and that there 
would 1)0 i gradual and continuous viriatiun fioni ninYinmm to 
niaxiiuiuii 

At the sime time it is jiossihk thit the piessiic connection first 
advuicedbi Chimlieis is now aeeepted hy meteoiologibts is a result 
of the recent work of Lliot 

Ihe toiiieidenco during the list few yeais of an ahnoimal stito of 
the sun with ahnurnml run in Indu, iccom{)lined b} the woist famine 
expel lonced during tho contui} 8uggeste<l to ns the dcsiribility of 
iceonsidonng the question, cspoeiilly as we haie now some now factors 
it our disposal IhobO ha\e Ixon reu iled hj the stndj, now extend 
mg over twenty jems, of tho widened lines in sunspots, which sng 
gested tho uew tlut two oflects ought to be expected in a Bunspot 
cycle instead of one 

Ihr Jf thnul Jtnri 

It will lie gathered fioni pros ions communications to tho Iwiyal 
SoLiety t that, on throw mg tho im igo of a Riinspot on the slit of a 
spectroscope it is found that the spertnuu of a spot so examined indi 
cates that the blackness of the spot is dui not only to general but to 
selective alisorption,^ and that the lines widened by tho selective 
absorption vary fiom time to time 
• * Pjrole* of Dronglit and GK>od Seasons m South Aftic i ’ 18S9 
f ‘Boy 8oe Prao,* rol 40 p 817, 1886 vol 4S p 37,1887, vol 46 p 88S 
1880, vol 67 p 190,1891 
t 'Roy Soc Proo Lookyor October 11, 1866 
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Since the year 1879, the grlreUff absorption in spots has been ob¬ 
served for every spot that was largo enough to be spectroscopically 
examined, the method adopted being as follows — 

The regions of thespoctnim investigated lielietwoon V ~b and b D, 
and an observation consists in obserxing the six most widened lines in 
each of those regions. These linos are then identified on the best solar 
spectuim maps available and their wai e-lengths determined. 

An examination of many years’ records of those widened lines has 
shown that at some {leiiisls they aio easily traceable to known elements, 
while at others their origins ha\o not been discovered, so the latter 
have been cLwsed as “ unknown ” lines If wo compare these two 
periods with the sunspot curve as coiistiuctcd from the mcasiircmontb 
of the mean spotted aiea for each year, it is found that when the 
spotted area is greatest the widened lines liolong to the “ niiknovv n ” 
class, while when the spotted area is least they belong to the “ known ” 
class 

The inajoiity of the lines tiacud to some tcrrcstiial ongin belong to 
imn, but the lines of other elements, such as titamiim, nickel, vanadium, 
scandium, manganese, chromium, cobalt, Ac, are also represented ui ii 
less degree. 

It IS quite likely that some of the “ unknown ” linos are higher 
temperatiu'o (enhanced) linos of known chemical elements 

Ill our lalwratoiies wo liavo moans of diffciontiating between three 
stogOM of teniporatuie, namely, the temperature of the flame, the 
oloctric aic, and the electric s|>atk of the highest tension. At the 
lowest temporatui e, that of the flame, vv o get a cerium set of lines; a 
now sot is seen as the teniporatuie of the eloctiie arc is icached. At 
the tempo]atiiro of the high tension spark wo again have many new 
lines, called enhanced lines, added, w hile many of the arc linos wane in 
intensity. 

It 18 found that at sunspot minimum, when the " known " lines are 
most niunoious, the lines are almost invariably those seen most promi¬ 
nent in the arc. I’assiiig from the sunspot minimum towards the 
maximum the “ imknown ” lines gradually obtain the prmlominancc 
As said before, they may be possibly “enhanced lines "—that is, lines 
indicating the action of a much higher temperature on knmrn sub¬ 
stances. 

Unfortunately tho records of oiihancod linos at South Kensington, 
having been obtained from photographs, are chiefly confinod to a region 
of the spectrum not covered by the visual observations of widened 
lines in sunspot spectra. 

We can only point to tho evidence acquired in the case of one metal 
—iron, for which photographs of the enhanced lines, in the green and 
yellow parts of the spectrum, have been obtained. 

This evidence quite justifies the above snggestion, for the enhanced 
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hnosof iron can be seen iovc<iliiig theniwheg os the number of un 
known luiei increoHCs 

We are therefor o quite jiwtifiofl in aasiiming a \ory greit itiireuie 
of temperature at the hunspot m iximiim when the ‘ iinknow n lines 
appear alone 

The ctir\ ch of the kn n« ii in 1 unknown liiu a hai o licen ol 
tamed by determining f« oath quarter of a joar the jicrccutagi, 
number of known and iinknou n lints irid plotting these perci ntages 
i8onlinat<8 and the time elements is nhsciss-e Insteulof using the 
mean cunes for all the known elcinenta imrhed that for iron la em 
plojcd IS it 18 igoxl rip esent itnt of known elements an 1 has 
lictii liest studied \Mien such cunea hi\o lieen drawn they eioss 
(a h other it points where the percentage of unknown liiica w 
increisiiig uid thit of the non oi known linos are diminishing ci 
urt tftit 

Wo seem therefore to le 1 might into the presence tf three well 
marked stages e f sol ir temiiei iture 

W hen the curies of kn wn in I unkinwii lines loss eieh other thit 
ih when the number of kinwn in I nuknowii lines is iilcut equil we 
must assume a inean onditnn of sclir tempilatuie When the uu 
known lines iiaeh then inixiniumwc hue mdirilol t us a -I pulse 
ir conditi m of timpei iture When the 1 1 own Inns leich then maxi 
mum we hive i pulsi oi < n lition ef temper iture 

1 ho e 11 best diHCUssKii showe I tint geiiei illy speikiirg the un 
known lines curve v iiied diieetly ml the non lines curve vanid 
inversely with the spot at Pi cutve ihe curves now oltiinel for the 
whole period of twentj yt vrs not oiilj entirely endoiso this eonrlusion 
but enable more niinuto eonipuisnis to bo drawn 

Ihe widened line cunes aie qmto different from those furnisheil 
by the sunspots Ascents and deaeents aie both cquilly sh irp ch ingea 
are snhlen md the curves ate relatively flit it top iiid Inittom The 
crossings arc simply marked 

During the period since 1M79 three such crossings have recurred, in 
dicating the pnsen c of me in silai temper itiiro eonditions in the 
years lUfil 18h6 7 * an 1 ISW Itw is expected thit another crossing 
with the known Inus on the nso would have otiurrel in 1897 mdi 
eating thereby the ainval it inothor mem condition of solar tempera 
ture but ofc 3 et no such nossiiig has tiken pla e 

The following til ulir stitement shows the jeirs of those crossings, 
together with the piohible dates in biukets of the two previous 
crossings ns detennined hj the time of occurrence of the pioccding 
sun-spot maximum 

* Aoeorlmg to the olMerratiois (Le meu wa lev hid in De ember 1886 or 
Januuy 1887 
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Rineof ifapt I 

Unknown Imii I (1800 I 1881 I 1892 I 
Km wn liin» (187b) | 1880 7 ■> 


( m I tti tn of 'iolor and Ifitfilluil Jf i itliei 

It his lung l)Loii known tbit a iy<.Ic of buhii wcathoi liogins iii 
ilwutlit 52 N and S and in a pcniHl uf do\ on years ends in ilxmt 
1 il 5 N and S 

.rust b fott oni (jcio ends another commences The greiteht 
imuiint of spotted wiifaic otenis when the soHi wcithci ihingcs pio 
dutid in the t>tle i( i h tboiit lit lb N ind S 

It lieeumes, theiefon of the first iropuitince to lunclite the times 
of mem solai tem|Ki itine mil of the + md belt pidsos, w'lth thi 
iiolai weathei cycle m oidei to nine at the temiiei itnie histoiy of the 
Mill dining the peiiul which now eonieins lu Ihis miy lie done is 
follows 
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Cmmtm of the Spidh mth Promtnencts 

In 18G9, when a sunspot maximum was approaching, the piomi 
iieiices were classified by one of us into rruplm and nebuloiui, the 
former showing many metallic lines, the latter the hydrogen and 
helium bnes chiefly This conclusion, which was published in 1870, 
was subsequently confirmed and adopted by Seochi, Zollner, bporei. 
Young, and Bespighi 

In the same year prominences on the stm a disc were also observed 
by one of us by moans of the C and F lines * 

The emptiie prominences, unlike the nebulous ones, were not 
observed in all holiographic latitudes, but, according to the extended 
observations of Tacchini and Bieco, had their maxima m the same 
* Boy Soe Froo, rol 17, p ilS 




Solar Changes of Temjie rut lire and VarinfwHS tii Sainfall, 416 

Intitude as the spots. This is especially well shown by the diugrunis 
illiistratinK the liistiihiitioii of spots, facula', eruptions, and protube¬ 
rances which arc gi\en by Tacchim for 1881 1887 in the ‘ Memone 

della iSoc dcgli Spettroscopisti Italiani,’ 1882 - 1888. These curves 
show in the most unniistakahle inaiuicr that the spots, faculai, and 
eruptiie or metalln proniincnccb have their maxiinum ftenuency in 
the bame sol.u l.ititiidos vtliile the iiehiiluiis or quiot jnomiiicnces aie 
more unifomily distiihutcd, .iinl cieti have maxima in zones whcic 
spots arc r.ircly ol>scr\od This is coiiuhuiated by what Professor 
Bcspighi many years ago btatcd 

“In corichiMiiidunco uith the m<iximuin of spots, not only does the 
numlH'r of llio laigc piotulanaiiccs increase, but more than this—their 
distribution oier the solar siitfute is ladicully moflifieil.” 

In his obsenations, Piotessoi Young loiiinl that the II and K lines 
of calcium were reiersed in the chioniosphere .is constantly as A or t', 
and the same lines “ were .ilso found to Ikj leguJaily levetsid upon the 
laxly of the him itself, in tho pcnuiiibia and immediate neighbourhixsi 
of eveiy inipoitant spot.”* This rcsidt was confiinied by the eaily 
(1881) attempts of one of us to photogiapli the spectia of tho chromo¬ 
sphere and spots, and also by ecli))so photographs. In the photogriiphie 
spectnim, the II and K lines .ire by fat the biighti-st of tho chromo¬ 
spheric lilies, and this fa< t has been utilised by 11.de and Doslandrus, 
acting on a buggeslion duo to Janssen, foi the piiipose of photo¬ 
graphing at one exposuie tho chiomosi»heio and pnmniieiicps, as well 
us tho (hsc of the siui itself, in tho light of the K line. 

These photogiuphs thus gnoiis in K light the jiheiionioiia which one 
of us first observed by the lines C and F of hyrlrogon, and thereby 
prosunta leeonl of tho promincuecs aciobs tho whole disc of tho sun 
as well as at the limb 

In such photographs near sunspot maximum, tho eoneentiation of 
the piominenccs in zones p.irallel to tho equator is peifoctly obiious at 
a glance. Eniptii e or metallic pruniinences are thus seen to cover a 
much larger aicu than the spots, so that wo have the maximum of solar 
activity inrlicated, not only by tho iiicioaaed alworption phcnumoiia 
indicated by tho greater number of the spots, but by the much greater 
radiation phenonien.i of tho metallic prdminoncos, and there seems 
little doubt that in tho hituie the measuio of the change ui the amount 
of solar energy will bo detciminod by the amumit and locus of the 
prominence area. 

Spots are, therefoi-o, indications of excess of heat, and not of its 
defect, as was snggestetl when the term “ screen " was used for them. 
We Icnow now that the spots at maximum ore really full of highly 
heated vapours produced by the piominenccs, which are most numerous 
when the solar atmosphere is most disturbed. 

* ' Ostalogae of Bright Linct m Ibo Siieotrom of tho Oh'omo'phero,’ 1878. 
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The Indian raoteorologigta haro abundantly proved that the in- 
0 reared radiation from the atm on the upper air currenU at maximum 
IS accompanied hy a lower tem]>eratiire in the lower strata, and that 
with this disturbance of the normal temperature wo must expect 
jiresBiuHS changes. Chambers was the first to show that large spotteil 
area was accomp-mied by low piessnies os or the hind suiface of 
India.* 

Passing, then, from the conaideiation of individual spots to the zones 
of prominences, with which they are in all pioliability associatcil, it is 
of the highest Intelcst to note the solar latitudes occupied when the 
crossings previously i eferrod to took place, as we then learn the Ixilts 
of p<-ominunce8 which are really effective in producing the increased 
r<uhatioii. ITic area of these is much larger, and thcieforo a consider¬ 
able difference of riulintion must fie expected 

The gi eater distui fiance of eei tain zones of solar l.ititude seems to 
lie more influential in causing the + pulse than the amount of 
Kpotted aioa dcteiminocl fiom spots in vaiious latitudes. 

It is all the more necessary to point this out ticcause the inKignificanco 
of the area occupied liy the spots has lieen used as an argument against 
any easily rocogmsod connection fietwecn solar and terrestiial moteoro- 
logKid changos.f 

Assuming two belts of prominences N. and S, 10" wide, with their 
(entresover lat 10 , the sixth of the sun’s visible hemisphere would lie 
HI a state of disturbance. 

Itulum llatnfnll. SJJ\ J/envw/», 1877-1886. 

It will lie clear fiom what has Iwen stntcil that our object in studying 
lainfall was to endeavour to asceiUin if the + and - temperature 
pulses in the sun wore echoed by + and - pulses of rainfall. The 
Indian rainfall was taken first, not only because in the tropics we may 
expect the phenomena to lie the simplest, but because the legularity of 
the Indian rams had broken down precisely when the widened line 
ofison ations showed a most remarkable departure from the normal 

It was also important for us to deal with the individual observations 
as far us possible, tiecause it was of the essence of the iiiiiuiry to trace 
the individual pulses if they were found, lienee the S,\V. monsoon 
was in the first instance, considered by itself, because although Eliot 
holds that the winter nuns (N.E. monsoon) are duo to moisture brought 

• ‘ Abnormal Yanationi,’ p. 1 

t " 8o far as can be jiKlgod from tlis luognitude of the lunspoU, the 0}c11ca) 
vnnat'on of tho magnitude ot thn auii’a fane froo from spots is very small lomparad 
with the surface itself i and consequently, according to mathematic principle, the 
effect on ihc elements of meteorological obserration for tho whole earth ought 
also to be small'’ (Kliot, ‘ Beporl on the Meteorology of India in 1877,’ p. 8). 
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hy nil iippei S.^^^ oiuroiit,* their iiKidenco is very tlifFerent and their 
inohiBioii might mask the events it was moat impoitaiit to study. 

The first iiivcMtigatioii uiiduitakcn w.is the studv of the niiiifall 
tables piildished by the Metcorolugic.il T>opartmeiit of the (loicriiment 
of India. These wcic bnmght together by Bhiiifoiil down to the 
yoai ldHG.+ As the widened line oliseiv<itions were not begun at 
Kensington till 1^70, the discussion was limited in the first instance tO' 
the petiixl lt<77 1HK6 inclusiic, embtaLing the following changes in 
solar lemporaturc, uccuiiing, as will lie seen, Iwtween tw'o conditions of 
mean solar tenipeiature — 

— piilw'. Moan + pulse. VTosn. 


1H7« 1H77 1K80 I 1H81 1882--lHf«5 ^ 1880- 18S7 


Botiring in mind that the intmisity oi the + pulse may in some 
measure lie detemuiieil by the solar distiirlMiiices, which foi the present 
are registcioil by spotted aica, it is important to point out that the 
precwling masimum in 1870 w.is tciiiaikahlo for obiious indications of 
great solar activity.^ 

It soon iK'iame evident that in many pii ts of India the + and - 
conditions of sobir temperature weie accomixiniwl by + and - pulses 
producing pressure changes .in<l heaiy i.iina in the Indian Ocean and 
the Hurrouiuling land These wcurred gencially in the first year 
following the mean condition, that is in 1877-8 and 1882 3, dates 
approximating to, but followed by, the minimum and maximum periods 
of sun-spots 

• ‘ Beport,’ 1877, p. 120. 

t ‘ Indisn lIotcoroloRical Mouioir*,’ toI. 3. 

X “The year 1870 wu oliaraotorued by an exuberance uf lolir rnerfiy, ahich in 
without pamllel ainre tha beginning of syitematio obvrrallone (i.e., eince 1825). 
The number of obBenred groups far rxpcrds that of any previuuK jear, and it 
appeari also from a cursory (XUBpariaon with the maxiiuum year’s uhwrrations, as 
recorded hy Hofrath Schwabe, tbat the magnitude of the different groups, as well 
as the avenge amount of spotted surface during any penud of the year, is 
nnpreoedented.*’ (‘ Monthly Notices,’ vol. 81, p 79, Warren do la Rup.B. Stewart, 
B. Loewy.) 

The table whioh the authors of this paper give shows that during the year, 
although observations of the sun were made on 218 days out of the 864, there was 
no day without spots recorded, in fact, during tho whole year no Ibm than 403 
new gronpa of spoto were noted, thus showing na that on the average there wee 
more than one new group per diem. 

The author* farther remark. “A very remarkable feattoe of the groups 
observed daring the year appears to be their extraordinary hfetime ... an 
exceedingly large number of groups completed three, four, and even more t«voln> 
tione before Anally eoUapemg." 

VOU UCVII. 2 H 
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ileklnun, tw far liack an 1881,* icfcrred to “ tho oxtremo wicillatioiis 
of weather chaiigea iti ditfeicnt places, at the turning points of the 
curves representing the iiieroase and deoroasc of solar activity ” 

It was ospeiially in legions, such as Malalmr and tho Konk.iii where 
the monsoon stnkch tho west coast of India, that tho sh.ii’pnoss and 
indiyidnality of these pulsus was tho most ohvions 

One mothiMl of study employisl h.iH depended upon Chamliers’s \uowt 
that tho S.W. nionsooii doponds upon tho oscillations of the eipiatorinl 
holt of low prcsMiiiv up to 31“ N lat. at tho summer solstice The 
months of luiii leceipt on the upward and downward swing will 
therefore depcMid on the latitude, and those mouths alone hate liecn 
< onsidered. 

\Vc liegan by taking oletated stations m high and low' latitudes 


Leh 

Lat .'U' N 
11,500 feet 
Muireo 
Lot 3.3" N. 
6,344 feet 
New era 
Kliya 
Lat 7" N. 
CiLIO feet 


The 1881 pulse (in .luly) was tho heaviest i ecoi ded (1'77 
inches) save one in 1882, tho ranif>Jl was nearly as 
high. 

The pulse felt in 1878 was the highest of all, 

{ The 1881 pulse (August) 18 high, hut is tollowetl hy a 
higher next year, 

Tho 1878 pulse (August) is highest of all. 

*] Taking tho fall in July and August. Tho 1881 pulse 
> occurs in 1882, and is highest. Next comes tho 
J pulse III 1878, 


It must also bo stated that if wo take the sun-spot maximum, 
including the perioil we have cluefly dibcussod (1877 1886), as normal, 
It is found that there are vanations in rainfall accompanying the 
preceding and succeeding maxima of 1870 and 1893. This varia¬ 
tion indicates the existence of a higher law, but there has not been 
time to discuss them thoroughly enough to justify any definite 
statements alamt them. 


The Itainfim of “ //7w/r Imhii” 

'fho next step was to work on a longer base, and for this purpose 
Eliot’s whole India table of rainfall, 1875-1890,t embracing both tho 
ii.W. and N.K monsoons, being at our disposal, was studied. 

It was anticipated that such a table, built up of means obsen ed over 
such a largo area and during Ixith monsoons, would more or less 
conceal the moaning of tho separate piUses olisorved in separate 

• >* On the Relations of Wsalher to Mortality, and on tho Climatic RlTsct of 
Forests.^’ 

t ' Indian Meteorologioal Msmous,’ vol. 4, Part T, p, 271. 

j ' Katnie,’ toI. 66, p. 110. 
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localities; this wc found to lie the case. But, iiovortheless, the table 
helped us grciitly, liccauso it includefl the summation of results nine 
jears later than those iiirluded in Blariftird’H m.wterly memoir. 
Predominant jmlses wore found in 1889 and 1893, following those 
of 1877-8 and 1882 3 So that it eiiableil us to follow the woiking 
of the 8.inie law through another sun-s{K)t cycle, the law, that is, of 
the mean solar temjiorature limiig folloucd by a pulse of rainfall. 

Moan xiin Bam pulw. 

1876 1878 

1881 fI882 

1886 7 1889 

1892 +1893 

The main icfituie of tins tabic is the piiKif of .i ticmendous excess 
of rainfall m 1893 by fai the giratest cxtc‘s of all ((leitentago 
v.iriation, + 22) This w.ih f.ii gioaUn th.m the excess in 1882. 

The imt leinaik.iblo excess otcuis m 1878 (peuentago xanatioii, 
+ IS). 

The pulbcs in the peiiod stand as folloivs 


-Mill 1878 

Pt rcontago 
carintion 

+ 15 

llent 

,ml«. 

Vivits after 

1 ^ —Max. 1882 

+ 6 

4 — Yeais after 

rise of 
lion 

— '—Mm. 1889 

+ 6 

use of 

linos. 

' —Max. 1893 

+ 22 

unknown 
+ - hues. 



Thu variations in the intensities of the pulses of ram at the suaessire 
maxima and minima are very leinarkablo, and suggest the working of 
a higher law, of which wo have other evidence. But, putting this aside 
for the piescnt, it should lie pointed nut that oven normally we should 
not expect the same values for the rainfalls in 1882 and 1893, liocaiue 
the amount of spotted area was so diflerent, IlGO-millionths of the 
solar surface lieing covered with spots iii 1883, and 1430 in 1893. 

The veiy considerable variation in the quantity of snowfall on the 
Ilimdlayas has often boon pointed out by the Indian meteorologists. 
We have, therefore, used the “whole India " curve between 1875 and 
1896, to see whether the sun pulses, which we have found to bo liouiid 
up with the Indian rainfall, are in any way related to the snowfall as 
might bo expected. 

The HimiUayan snowfall beyond all question follows the same law 
as the rain, the value occurring nt the + and - pulses, as under, being 
among the highest: > * 

* ‘I.M M,’ to1.3,p 286. 

2 H 2 
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Tnohw. 

I-1867-S. . 1.34 

—^ +1871-2 ... 110 

- 1877 8 207 

+ 1882 .3 81 

From thoac taltIpM it follows that both in lainfiill ami snow tho 
quantity i<i in(.ro.i<ic«1 in the voari of tho niu lailh of the unknown ami 
iron lines. 


Ofhn UnlnfulK 

Being in jiruHenco of pulses of tainfall in India during tho south-west 
monsoon, toriespondiiig with pulses of solar change, it Wamo necessary 
to attempt to study thoir origins. Wo may add that other pulses weio 
traced, especially one in 1875, but the simplest problem was consulored 
alone in the lint instance. 

The lanif.dls at tho Mauntius, Cape Town, and Batavia, wore 
collated to see if tho pulses felt in India were traceable in other 
regions surrounding tho Indian Ocean to tho south and east. 

Thf Itmiifitll, 

The rainfall of Mauritius has been obtained by utilising the rosidts 
that have lieen published m the Blue Books* issued by the Uoyal 
Alfred Observatory since the year 1886 Tho volume for 1886 gives 
the yearly total rainfall for every station that was then in use from 
1861 up to the year 1886, and these values have been employed; since 
then, the yearly values have Ikmiii obtained direct from each of the 
yearly volumes subsequently published, f.e., to the end of the year 
1898. 

It WHS at first thought that the total Mauritius rainfall could lie 
fairly obtained by employing for tho period lietween 1861 and 1886 
the means of several stations as given by Meldrum,t and continuing 
the values from the observations publish^ in the more recent yearly 
volumes. 

It was found, however, that from 1861-1880 the rainfall was 
obtained from tho observations of four stations, while from 1871- 
1886, the observations from eight stations were employed. 

As a study of all the published data showed that more stations 

* “ Mauntini Hstaorologiesl Refulli.” 

t iaei-lS80. 'Bslstions of Weather to Mortality, fto.,’ 1881, p. 36. 1871- 
1888. 'Aiuraal Report of the Director of the Royal ilfred Observatory for 
1886,' p. 18. 
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might be utilised m clotcmiiiung the total rainfall of Mamitiun, it was 
decided to diiscusa all the n1)8or\atiniis afresh, and make use of as 
many as possible. 

To this end the records of tvrenty-eight stations, situated m six 
different distneis, wore cliosen, and the total rainfall for each year 
obtained It is only natiiial th.it the nnmlair of rain gauge stations in 
the early > oar of 1860 was not so numerous as that of more recent 
years, the facts may Ito stated as follows • 


isei 

IMS 

iHoa 

18fl4 

186S 

1860 

1867 

1868 
1860 

1870 

1871 

1872 

1873 

1874 
1876 

1876 

1877 

1878 

1879 


Moan joarh Number 

' rainlall ot 

>anatioii from ktaliuim 

mnmal. iimkI. 


Indies, 
s-aa 6 
-10-2 
+ 96 

-18 a 
+ 22-6 
-18 8 

- C 6 
+ 27 1 

- 3 3 
-.16 
-18 9 

- 7 0 
+ 10 3 
+ 17 4 
+ 3-0 

- 0'6 
+ 81 -4 
- 8-8 
- 5-2 


1880 

1881 

1882 

1883 

1884 

1885 

1886 
1887 


1892 

180S 

1894 

1895 

1896 

1897 
189S 


Muaii Tciirlr Number 

iniiitaU of , 

(anatioii from etatibiu 


-19 3 

- 7-3 
+ 16 6 
s- 1 8 

-12 4 

- 0-8 

- :15 M 

- 4 2 
s-22 -3 
+ 1H-1 


• 1-4 


+ 10 0 
+ 17-0 
-19 6 
- 21 


With regard to the general rainfall of Alaiintins throughout the 
year, it may he stated that on the aserago the most rainy months 
are from Decemlior to April, both months iiirlusivo. 

The months of Noveralier and May are those in which the daily 
rainfall is increasing and dinuiiishing respectively. Sometimes in 
July or August there is a slight tendency for a small increase. 


T/ut Mmntni'> llainfall fintf Jm tin period 1877 1886. 

In plotting the Mauritius rainfall curve for the period 1877-1886, 
it WHS observed that .the ciwo is of a fairly regulw nature, showing 
alternately au excess and deficiency of rainfall. 

The highest and lowest points of the curve will be gathered from the 
following table 
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Your 


1877 

1880 

1882 

1880 


Masiiiiniii 


81-4 
18 0 


Deflrieno,? 


19 » 


35 3 


Comparing tho tinicw of occurioncu of the two pulses of rainfall at 
MaiiritiiiM uith thu times of tho ciussings of tho knuan tuid unknown 
linos, It I's found that tho Mauritius maximum niinfall of 1S77 occurs 
aliout a yo.vr after the use of tho known linos in 1876. The next 
Mauritius pulse of rainfall in 1882 follows the sucecwling crossing, 
when tho unknown lines are going up, also .d>out a year lator. 


nf thr MiimiHm llmnfaU with ttwsi> of Leh, ^^urllv iiiul 
NfUMM Khifii foi Ikt jwivKt 1877 1886. 

Thu moat proininont feature of tho Mauritius rainfall for this peiiod 
WHS tho groat excoas iii the years 1877 and 1882 

Both of these pulses have coiresponding nuixima in tho curves for 
the rainfalls of Luh, llfiirreu and Nowera Eli,ya,tliu dates of these in all 
three cases lieing 1878 and 1882. 

Tho delay of about a year in the effect of the Mauritius pulse liemg 
felt in Ceylon and India, is exactly what uuuld lie expected if tho 
rain at siui-iqiot minimum comes from the south, as has bwn surmised. 

llic f<u-t that the pulses at Manntius, Oylon, and India in 1882 
occur simultaneously, is very strong evidence in favour of an origin in 
the eqiwtorial region itself for tho Indian ram at sun-spot maximum. 
The pidse at maximum in the Indian south-west monsoon may depend 
to a largo extent upon the action of tho excess of solar heat on the 
equatorial waters to the south of India, and not on an abnormal effect 
on the south-east trade. 

We have found that there was a defect of the usual rainfall at 
Maiuitius in 1892-93, and yet tho rain supply in India was in excess. 


RkSUI.T of the COMl'AltlHUN OF lUlNFALI. 

The -t- and - Palm. 

It seems quite certain that we are jiutifled in associating the]187S 
pulse of rainfall during the south-west motisoon in India witih the rain¬ 
fall common to Maiuitius, Batavia, and the Cape at that date; that in 



SjJar Uunufth (f Temptiaiuie avd Vai uitwns xn Jlavnfall 423 

h 11 cages the rain has been issoeiatcd with gome siioci il condition con 
nected with the south l wt tr ulo iii the Indi ui Ocean 

The rainfall of C nloh i giiggosts that the s uno ti wlo wind in tho 
Atl intic Oil in wu similarly iHoctoil it tho simo time 

Ih ( tiftf th 1 tlf 

^Ir hliol long igu conjiitiucl tint tho riinfill >i India n*is pr 
hiindl> nuHlihol 1} oioiits tikiiip pi no firm Imio to tmu in tho 
Smthoin 0 oiii In Ins Vniiiiil S miniir} f i ]^9b hi mote u> 
fi Hows 

It has appiieiitly Ijooii ostil lishi I in tho discussion thit the \ im 
tiiiih of the 1 iinfill in Itidii dming tho pist six m irs no jiaiallol 
with ind III I lit It lo ist dno to viiiatioiis in tin giadionts, iiid tho 
stiongth fi tho win la in tho siuthoist tiailo lo^i nis of tho Indian 
Oil an Ihi discussion lus indicitcd thit thoio no \ iiutions from 
>OHr to 11 ill the atiingth of tho itmospht ii ciroidition obt lining 
oiorthohigo iitiof Suuthi rii Asia ind tho Iiidi in Ocoin itid th it 
tlioao samtioiia ut animiioitant uid largo futoi in dotormimng tho 
poniKlio V in itions ui tho i uiif ill of tho wli li itoi depondent on that 
ciicuhtiou tnd moio I spoil illy 111 Indii It his ilso been indicati I 
th It those \ inatioiih which M-comjianv ml an piohably tho result m 
putt of abiioinial tomperatuio (in I honco ptossino) coiuhtions in tho 
Indian Occin and Indian moiutiKii aroi niav h in part due to condi 
tioiis in tho kiltirctic Otean which iIh> dcttimiie tho oompaiutivo 
pioialoncc oi alisento of icolitrgs in tho nortlioin poiti us of tho 
Vntiutic Oil in 

Ako hue lieguii an in\ 08 tigition into tho piossiuo ihinges whuh 
liavo lieon locuidod in this rogioii 1 ut it will lie some timi heforo it is 
finished Ihe ilea underlying tho imiuii} is thit the rwlucod solir 
tompei itme may modify the pressure so thit the high piessuro belts 
south of M luntius may bo broken up and thus iidow oyclonio wiiiila 
from a higher latitude to lucroaso the snmmoi i uns is they certainly 
weie increasod at the normal muuma of 1877 and 1888 

It has lieoii shown that the pulse is foil m India about i ye ii 
1 iter th in it commenoos action in the Southoni Ocean while in gome 
cases the + pulse is felt almost siiniUl iiiooiislv in India and at tho 
southern stations 

J/ie liatn^aU al iht (a^e, Bit nit ill L>nIola, fm ihf> peiintl 
1877—1886 

Each of tho curves (fig 1) iliustraUng the rainfall for the Cape and 
Cordoba (Arg) for this penod shows two prominent maxima in the 
years 1876 and 1883 , these correspond nearly with the + and - pulses 



424 Kir Nonnau T^K-kyor and Dr. W. J. S I^kyer, 

of Holar tcmponiture Goniparitig them also with the Bomlwy and 
Maiintiiu rut\CH for tho ftanm jiciiod, it ia found that the pul'ws in- 
dicatwl at Bomlwy ocenr simiduneoualy with thoqo of 1^7^< and 18><3,. 
lint in Iho ea<te of Mauritius the effect of each of the piilROi m felt about 
a year or «o oailici, n.inioly, 1877 and 1H8*2 

Tho rainfall (Umo tor jiataiia for this penod hag its niut>t prominent 
niaxiimiin in the \e.u- 1882, like that of Manntiug, thus proLoding by ,i 
year the pulse felt .it the Capo, Cdidolia, and Kombay in 1S83. 


The Tmt CoiMuiusof tiu I'uh/y, 

The ^aiiouR cun or which »e have drawn for the put poses of study 
have lioen conipileil fioni yearly mcana, and so fai, in theso curves the 
rainfall in months tias not been considerwi. 'I’hat will have to come 
later. Hence if the lainfall whith most influences the )e.iily mean 
occurs in the List thtee months at one place, and in tho fust three 
months of the next je.ir at another, they are phow'ii as lieing a year 
ajiart, wheioiVH they have actually lieoii continuous. 

With rcgairl to the tiavcl of the pulses over largo aieas under the 
influence of the S.1'1. trade, it may bo gatlioied from tho piessure 
chaits lh.it the f- .ind conditions of prossuie aio ajit to lie over 
the ceiitioR of hind and w.ater areas, and not genoially over coat-t 
lines. In the case of w.vter suifacos, the effect oi a Rudden change in 
theaohir radution on the piessure might lie expected to lie felt not at 
the point where tho piessure is least oi gioatest at the tunc, and of 
the most gcnoial typo, hut wheto tho e<inilibriiim is most unstable 
On the other hand, moie time would ho roquiretl foi tlit> new pulse to 
establish itself whore tho conditions are more complicated 

Hence wo should expect the pulses to lie felt fust in tho eastern jiart 
of tho Southern Ocean, and this seems generally to lie the case. Thus 
after tho meiui solar temperature of 1876, the - ])ulse w.is felt first at 
Mauritius, thou m India, and the Cajic. After the mean of 1881, the 
+ pulse was felt first at Maiu-itiUB, then in Indu, and the Cape, Gor- 
dolia felt Ixith pulses in tho same year as India and the Gape. 


Siile,iilnn y 

In a noi-mal Hun-spot cuive wc find a sharp rise, generally taking 
three or three-and-a-half yoarg, to maximum, and a slow decline to 
minimum, on which tho roniainiiig years of the cycle are spent. 

Tho curve on the upward side lises generally regularly and con- 
tinuoiuly, on the downward portion tho rognlarity of the curve is 
very often broken by a “hump" or sudden change of curvature. 
There has not yet been a complete discussion of tho number and 
character of the prominences associated with tho spots diuing the cycle , 
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we have found howL\ci thit the hump in the sim spot cuno m 
1874 wiw acc nipinied Ij a Kmukakle iiuiDiso in the numhei of 
eruptive pr miinoiues 



We have already refen ed m disciusing the Indian rainfall, to a 
reiuarkahle uitensification of the south west monsoon in 1874 75, the 
effect of which is especiall}' noticeahle in the rainfalls of the Konkan 
*nd North west Provinoes, and wo hive come to the conclusion that 
we nnut consider all these oi ents as due to a common cause—th it is, to 
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a Biilwidiary solar pulse e pioposo to letuni to this subjut in a 
Rubseqmlit communication aftoi iiiquints have btoii complotocl lokt 
ingto l'<«j 86 mil 184( 97 

II It I I ti ) tl ftl 

There will o) vimislv 1 e niton ils lietwcen the emliiig of one pulse 
and the lieginnmg nt tin next unliss they cifhir oierlip oi Iiecome 
contuiuoiu 

Iho + anl pulses to which out ittenti ni h is been chiefly ibrected, 
are limited in duiation and when they coiso the luintity ot lain 
which falls 111 the Indian iiea is not suthcient without water storage 
fir the puiposes of igiunltiue they are f lliwed therefoie by 
droughts itid at tunes sn) seqni ntly by f imines (hg 2) 

laking the peiii 1 l‘'S7 S) we hue 

Klin from pulse^ 78 

L7)(p«t) 

1 *7) (put) 

No nm pul« < bO (ceiiti d yeai ) 

181 (pot) 

R,iin fiom H pulse< 

^84 (part) 
r84(pin) 

^ o 1 am pulse i 86 } ^ 

L •<7 (part) 
p7 (pait) 

Run fiom pnlso^ 88 

Ufl 

The duiation of these + and pulses it tainfdl was detomnned! 
m the first iiistaiice bv the M inntius raintall which shows both pulses 
Old latei fiom the Mahbai rainf ill, which perhaps shows the otTect of 
the south west monsoon in its greatest puiity 

All the Indiui fimiins since 1816 (we ha\e not gone back further) 
have occuned in these intcnals laiiied back in time on the assumption 
of an eleven yeai cycle 

Ihe following tables show the result for the two intervals — 



428 Sir Noimau Lockjer and Dr W. J. S. LockyiM. 

Tho Intoivul between the Pnlsce, taking 1880 as the Central Yeai, 
on the Upwanl Cur\e. 

Ib80, Miulnia famine. 

N W P. famine. 

1880 -11 - 1869, N.W.P. famine (1868 9). 

1869 11 - 1858, N.W.P. famine (1860) 

1858-11 - 1817. 

1847- 11 - 18.36. Upper Imlm famine (18.17 8). 

(Cleat famine.) 

Tho Intoival lietween tho Pulses, taking 1885-6 as the Central Years, 
on the Descending Curve. 

188n-6(;W‘‘;“‘\(1881..5). 

L Madras famine J 

1885 6 11 - 1874 5, N.AV.P..fammo (187.1-4). 

Bomliay famine (1875-6). 

Bombay famine In876 71 
Upper India famine j ' ' 

1874-5-11 - 1863 4, Madras famine Ig. 

Otissa famine J '' ^ 

1863-4 - 11 - 1852 .1, Madras famine (1854). 

It is c-luai fiom the aboie table that if as much had lieen known in 
1836 as wo know now', the probability of famines at .ill the snlisequcnt 
dates indicated in the alaive tables might have lieon foicseon 

'ITio region ot time fnim which the aliove results have lic(*n obtained 
exteiideil from 1877 to 1886 Tho iievt table will show that if tho 
dates, instcail of lieing carried luck, are eaniod forward, tho same 
principle oiiables ns to pick up the famines which have devastated 
India during the period 1886 97. • 

Kamc intervals, going Forw ard. 

1880. 

+ 11 1891, N W.P. famine (1890). 

Madias famine 1 
Bumlmy famine >(1891-2). 

Bengal famine J 
1886-6. 

+ 11 1896 7, General famine. 

This result has arisen, so far as wo can see, from the fact that the 
+ and - pulses included in the period 1877-1886 were normal; that 
is, were not great departures from tho average. 
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After wo Irntl >) tiiiicd the alMive results iilitiiig to the Irw followerl 
by the Tndiin faiiuncs we commiuiic ite I with I be 1 g^ptutn uithontiofl 
with a view of olitaimng dittfii thi ^lU \ullc> 

Wo hue wiice fmini howtiei ft in i menurimlum by Phot* 
that Mi A^iIcotIch in a papei iiwl it the Meti (nilo/jical Congress at 
Chicago, remaiktd thit famine yens in liuh i aie gentialli }oara of 
low flood in I gypt ' 

Itremunsrnli foi us thenfoii t p >itit out th tt the highest ^ilea 
follow the \e 118 tf the + iiid pulsis Ihus 
1871 one yeai afUi + pulse 1870 
lh76 two >eais iftei sulwidian pulse if 1S71 
1879 twojeiiH iftor pnlHc 1S77 
1881 4 one and two ve ns afUi + piilsi 18h_ 

1891 i aftoi + pulsi 18)»(III li i e xoi ss i iiut ill 1892 1 4) 

11 ( til I I f 1899 

ANheii III i sun spit \tle the boln Umpei itun is inoro thin 
usually ineieisol the lognluit} (f the i1 \« liKcta is liable to lie 
broken as the adient ot the pulse is letai Ud 

This as wo haio dieady pnntel nit is pieiisoly whit happeneil 

after the abnoitnal -f he it pulse cf 1892 filliwing elose upon the con 
elitioii of solai mean tempei ituie 

The widened hue curies insteil if crossing aceuiding to the few 
precedents we hall in 1897 oi 1898 hive not eroesed jet thit is 
the condition of ordiii iry sol ir me in tcmperatuio has not even jet 
)>oon reached 

We have show a th it as a mattei of fict in a normal ejcle India 
IS supplied fiom the Southotii Ocean dining the minimum sunspot 
period ind that this lain is due to some pi ess no eftcct bi ought ibout 
m high southern latitudes b\ the sun at temperature 

As the tempeiatiiu conditioii was net icacheil in 1899 is it 

would have lieen 111 inoimiliear the rain fuled (hg 1) 

AV e may say then that the only abnorm il famme recorded since 
1836 oociirred precisely it the time when an alniomuil effect of an un 
precedented manmiun of solar tcmporatim was revealed by the stiulj 
of the widened hues 

We desire to tender our icknowleilgimonts to I)r Buchan, F Ufe 
and Mr Shaw F R S, for their kindness in so promptly replying to 
our appeal for rainfall tables AN e wish also to thank Mr H Shaw one 


• FonewtofSW Uomoeni ini of 1900 
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of tho ttachors in ti uiiiii^ at the Kujal College of Science for atisiiit 
<ince in bniiging U gcthii i unf ill iltta and plotting mimerous cunes 


Iri 1 


excess oeFicieNCY 

MAX au 4 MAX ia*6 NOMMAi cxccsa Noawu. 











On Co-ordinated Momneaia after Neree C)'o»ing, tfcc. 4:il 


Tttblo ahowiiig the Occurrence of the + and - Bainfall PuUea ni 
other Parts of the Woild. 


I + I - 
1H70. j 1877 


BaUua. - I 1870 

Mauntiu*. — 1877 

C*therin<'nburg(Rii«mB) — 1H77 

Sootknd. — 1877 

Copenliagen. 1872-8 1877 

A*.laide. 1870 1877 

TiOu . 1870 1878 

Archangel. 1872 1878 


Hobart Tuan. 


*Ualabar. 

Toronto. 

Cdrdoba (Arg ) . 

t'apo. 


Bamaid (Ruiim) 
St. Feterabnrg... 
Nile. 


1878 

1872 

1871 

1871 


1878 

1878 

1878 

1878 

1878 

1878 
1870 
1870 

1879 
1879 


1881 . 


1882 

ll«2 

1882 

isaH 

1881 

1881-2 

1882 

1882 

1882 

1888 

1883 

1883 

1882 

1882- 3 , 

1888 I 

1883- i 


1886 


1883 

1888 

1887-8 


1S88 
1889 
1N8O-0W 
1887-8 I 
INNS 

1887 

1888 
1886 
1888 
1888 


1887 

1888-0 


(0 

1802 

1802 

1892 

1891 
1802-3 

1893 
1803 

1892 
1803 
1802 

1893 
1802 

1892 
1$03 
1891 
1803 

1893 S 


• For cumpanaon 


“ Ou the Ilestoration of Co-ordinated Aloveinonts atU*r Ker\ i 
Crosaiug, with Interchange of Function of the Cerobml 
Cortical Centres." By Bobkrt Khnxkuv, M A, D.Sc., M.J)., 
.(Assistant Sui^on to the Western liiriruiaiy, (}la«gow. Coin- 
mimicated by l*ix)fes8or McKknduuk, FB.S. Ecceivetl 
October 11,—Keail November 22, 1900. 

(Aijstract.) 

I .—Ejpennifnta on Xerre Viv't'anff, 

The experiments on nerve crossing were undertaken in onler to 
ascertain whether, after duision and cross union of the entire nerve 
supply of two antagonistic groups'of miucloh, the animal can regain 
the power of performing vohmtary co-onhnated movements with the 
affected muscles, and also to ascertain the oftects on the cerebral cor¬ 
tical centres affected by the crossing. 

The object of this was to ascertain if the organism has the power to 
compensate for a change whereby nerve centres are brought into 
connection with peripheral endings, not by nature belonging to them. 

The experiments wore made on the nght fore-hmb of dogs, and 
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were fi\e iti iium)>er. The first four weio of the sume kind, and con¬ 
sisted in uniting the central segments of the divided mnscnlo-cntanooiu, 
median, and nlnar nerves to the peripheral segment of the divided 
mnscnlo-spiral, and me Thus the entire supply of the flexor 

mnsoles of the foreann was ciossod with the entire supply of the 
extensor mtistlos. The musculo-ettUncous was iiiclude<l in the crossing, 
as It sends a (.ommniiicating branch to the median at the elbow, 
which branch may contain efferent filires to mnsclev. 

The nerves were didded al>u\e but near the ellxiw joint, and the 
two points of union were thorcfoie situated one on the outside and one 
on the inside of the limb, with a bulky muscle lietweeii them, which 
prevented any possiliility of confluent roiuaon of all the didded ends. 

One of the experiments (Exp I) was a failure on account of the 
wound lieeoming septic, but in the remaining thiee (Kxp. II, III, IV) 
the animals regained almost completely the powei of making xobintaiy 
CO ordinateil nlO^ cments of the limb. Thus the lug w.is used constantly 
and perfectly in walking and lutining, ami in petforming such co¬ 
ordinated movcnionts as giving the juiw on leqiiesl, using the paw to 
hold a lione while gnawing, <(’C Thu rocoxory of function commenced 
alHiut the 30th day after the operation, and was ,ilniost pei-foot from 
the llith to the 90th day. 

'ITie physiological examination showed that the nerves which had 
lioen crossed had united as they had lieen placed without one point of 
union communicating with the other, and that the flexor muscles we e 
thus entirely supplied by the musculo-spiial, and the extensor muscles 
entirely bv the median, ulnar, and mnsculcKutaneous. 

Ill two of the oxponmonts (Exp. II and TIT) the musculO'Spir.il 
stimulated alwv o the seat of union gave flexion of the paw, and no 
movement in the extensor muscles, while stimulation of the cent al 
segments of the musculo-cutaneoiis, median, and ulnar gave extension 
of the paw, and nol movement in the flexor muscles. Stimulated on 
the cerebral cortical centres of the sigmoid gynis, it was found that on 
the loft hemisphere the centre which normally gives on stimulation 
flexion of the paw, givvo on the contrary extension, and no movement 
whatever in the flexor muscles. Stimulation of the centre, normally 
associated with extension of the paw, gave in one of the animals pu’o 
flexion of the paw and no contractions of the extensor muscles (Exp. Ill), 
while in the other animal the flexion centre was found to lie in the 
normal extension area, but pure flexion could not be obtained free 
from extension movements (Kxp. II). 

In the other experiment (Exp. lY) the results of stimulation were 
somewhat obscure. Stimulation of the central segments of all four 
nerves gave contractions in the extensor muscles and no coiitractioiia 
III the flexors. Yet the flexors were perfectly healthy in appearance 
and possessed normal irritability to fanulic stimuli. Stimulation of 



Co (niuwteA Moiementa a/let Ntne Ctosaiiig dr 433 

the coutres on tho left rngmoid gyrua ahovod that the flexion centre had 
liuome an extension centre hut no flexion centre could ho discovered 
In these oxpenmonta (IT III IV) the centres on the light side of 
tho hrain wore normally placed 

III all tho cxponmeiits tho irritahihty of the centres on the left side 
of the hrun was increased rathei than diminished 

In addition to these experiments on ncr\e crossing there was also 
an experiment made on a dog to asctitiin if tho fait of crossing the 
nerves delayed the funetiondreioveiy hey end what vioiild he expected 
mtrelj as a result of nerve section In this experiment tho same 
nerves were dividwl hut wore immediitelv reunited os accurately as 
possible The rtsnlt ww that tin course of recover} of function was 
not materially difleront from the course in tho exiieiinionts on norve 
crossing 

rhe phyuologii il examination shoaod thit tho ueivcs had umted 
well, vnd regained their normal imtahihty and condiictivilv and that 
the muscles of tlu hmh a ere health} h vamination of tho cerebral 
cortical centres ahowul thvt they a tie not a ell defined hut neither 
a ere they on the sound side in this animal 

11 /Iff itoH ffthr P itphei tl S /rntnl f Ih Dt tl I ! m 1 n vttk 

th Ttwl of th Spill U 4r ( oi / An f» Orl citnrnf i/ taetal 
^2 tim ill, 1 // <man 

Ihe experiments on dogs havmg shown that nerve ciossuig a as 
folluaod by recovery of ci>oi(hnatod function tho fuUuaing operation 
was undertaken for tho treatment of fatul spasm in a aomaii hauro 
lud Inrot hul ulicady suggested utilising tho branch of the spinal 
leeossor} to tho tiapo/iiis for tho suppl} of tho face in the exso of 
paralysis of the facial iioivo and Fvure* h ul put the operation in prac 
utt but without success In the following c isc the lationt hail ButTorod 
tirir ten yeais The right suloof the face was mcess iitl} twitching the 
iiiglo of the mouth being ponnanently draan up and the eyebds half 
closed The condition h vd been under treatment at different penods, 
hut aithout any success leather the condition got worse 

On May 4, 1899, tho facial nerve a is divided cloee to its exit from 
the aqueduct of lullopius and grafted on to tho trunk of the spinal 
accessory, just as tho latter nerve emerges from under the postenoi 
lielly of the digastne musele The digastnc situated lietaeen the 
central end of tho f icial nerve and tho junction with the spinal acces 
jboiy prevented any reunion of tho iieive 

Immediate]} after the operation, the right side of the face was in a 
condition of complete pardysis, and it remained m this condibon for 

* Tsun "TMitomeiit Cbiruigiral de U FWalyns Taotsle par PAaaitomoM 
flpiao fhotals,'' * Rama da Ohimigia vol 18 (1898), p 1096 

tOI LXVU 2 I 
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time the muBcles lo«ng their famdic iintability In courae uf 
time gradual improvement showed itself heralded fust by recovery uf 
faradic irntabihty iii the muscles Iho cathtst indic itioiis cf improve 
ment were shown in the orliculans palpcbiaium which began to 
recover faradic iriitibibty vml movement thcicby en ibhiig the e>o to 
be sbghtly clohul iliout the l‘<th ilay The movement rf the muscle 
on stimulation with the firulit ciuieiit was howcvci so shght, that 
theie was a possibility (f tiioi and the slight volunt ty movement 
might have bwii «lue simply to the iclaxation of the lev itcr palpobnc 
By the 49th day howcvci, there w w no <loubt as the ct nti actions to 
faradic stimulations wens well lua ked tiid the palpobrvl hssiue could 
be voluutanly closed one half 

By the Ulst diy the faradn nritibility of the othei muscles began 
to be iccovciod ml by the I'i&th <hiy the fvrulic iuncut give on 
applymg the elect!ode ever the junction liotwecn ficiiil ind spinal 
accossoiy, stiuiig conti actions in all the miisiles of the f u.c 

Improvement gi ulu dly contmued and on August 17 1900, about 
fifteen months iftei the operation the con litmn was vs follows She 
experienced no difiiculty on icconnt of the condition uf the face There 
was no 1 etuni of the sp vsmodic condition The eonjimctn k f the right 
eye w vs quite normal, theie w vs no met cased lachr> mal btcietion and 
slie never was tiouble 1 with dust getting into the eye v winking was 
perfectly efficient She coidd shut the eye completely although not so 
tightly us m the evse of the sotinl eje The orbiculiiis pilpebianim 
alM contracted well to reflex stimub The light side of the brow could 
be wrinkled to a verj slight degree only and movemi nti> could lie made 
in the cheek and mouth although thej could not well lie co ordinated 
The labial letters could be perfectly pronounced and the buccinator 
was efficient to pi event accumulation of food between e^eek and gums 
while eating 

There was no atrophy of the side of the face, and m repose there 
WHS no appeal anco of facial paralysis the muscles having regained 
their tonus and the normal sulci being well marked 

There was evidence of want of power over the f ice in the cbfficulty 
of raismg the ej ebrow, or of m iking a circular aperture with the mouth 
in whistling or blownng ihe muscles, however, of these paits were 
perfectly sound, as the faradic current gave peifectly noimal reactions, 
both when applied diiectly to the muscles and when applied to the 
motor pomt of the nerve Thw motor point lay about 2 cm lower 
down than normally, i e , over the junction of the facial and spinal 
accessory 

The reactions and movements of the trapeaiu and of the stomo 
mastoid were normal 

^ curious effect resulted when the arm was suddenly thrown up, 
lor the face at the same time was thrown mto contractions, owing to 
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the impulses mtoiidtcl fot the tr ipe/ius being directed to the fare If 
the arm wa^ continued held up these tonti actions of the face passed off 

Tir —G nn il Ca rfifston^ 

1 Ill the fo 0 limb of the dt the nci\e supply f the flexor muscles 
may ho oro8'je<l with that of the extensor miiseles with the result that 
despite the alteied iniiei\iti>n the iiiimil logiiiis vs before, the 
powei of pel forming toluiitiiy coonlinated movements of the limb 

2 The fact rf crossing the im rves does not adl matoiidly to the 
time whiih woulil lie reipuied foi lecoiery rf fnnetion of the limb if 
the same nerves wi le simply diiided and reunited by suture as accur vtoly 
08 possible 

3 Iho losidt tf tossing the nene supply cf antogoiuhtic groups of 
muscles is that tlie mtvo cent is which fot met ly ninervited the one 
group now serve for the othei group mil this dteiatioii extends to 
the cerebral cortie il tentres which bccimt iiitoichangetl in pjsition and 
retain their iiiitdihty 

4 The cerobtal toitical centres whieh h ae been motlo to interthange 
their positions by the cnissnig arc ibk in icsponse to the will, to emit 
impulses which c ui e dl forth in the new peiiphor d terminations move 
ments in perfect coordination 

5 In man the fatid nerve may lie clet i hel fiom the final centre 
ittaohod to the spinal accissory nerve ami the f vcid muscles thus in 
nervatod by the spinal occossuty centie with the result thit co^irdin 
ited movements of the face, both voluntary and icflox vie at least in 
part restored 

6 In Che ease of reutumof v divided noivc it in not mcessarv to 
suppose that legenoratioii restores the old piths for the nervous im 
pulses since if now piths ore formed by the imperfect to uliptation of 
the divided nerve ends with the lesult of altering the connections 
between central nerve colls and ponpberd endings, the organism has 
the powei of compensating this alteration 

7 In the case of paraly sis of a muscle or group of muscles, if the 
nerve supplying the iffected muscle or muscles is grafted on to a 
neighbouring efiorent nen o supply ing musclen which are healthy, it is 
probable that the affected muscle or group of muscles, if not already 
destroyed by degenentive process will logain its normal function 
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Novtntber 30, 1900. 

Anniversary Meeting. 

The LORD LISTER, F.R.C S., D.C.L., President, in the Chaii. 

(A full Report of the Anniversary Meeting, with the President’s 
Address and Report of Goimcil, will bo found in the * Year-book ’ for 
1901. 

The Account of the Appropriation of the Government Grant and 
of the Trust Funds will alw be found in the ‘ Yoai-book.’) 


Dertmhn 6, 1900. 

Sir WILLIAM HUGGINS, K.C.B., D.C.L., President, in the Chair. 

His Grace the Duke of Northumliorland was admitted into the 
Society. 

A List of the Presents received was laid on the table, and thanks 
ordered for them. 

The President announced that he had appointed as Yice-Prusidents 
for the ensuing year— 

The Treasurer. 

The Astronomer Royal, 
liord Lister. 

Mr. J. J. H. Teall, 


The following Papers wore road;— 

I. “The Histology of the Cell Wall, with Special Reference to the 

Mode of Connection of Cells.” By Walter Gardiner, M.A., 
F.R.8., and A. W. Hiix, B.A. Part I.—“ The Distribution 
and Character of ‘ Connecting Threads ’ in the Tissues of Pirns 
sylvetiru and other Allied Species.” By A. W. Hirx. 

II. “ On Uie ‘ Blase Currents ’ of the Frog’s Eyeball” By Dr. Waller, 

F.E.a 

III. “On a Bacterial Disease of the'Turnip (RniMin napus).” By Pro¬ 
fessor M. G. Potter. Commonioated by Sir M. Foster, 
Sec. R.8. 
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Tlte Htatotogy of the Cdl Wall A 

IV “ The Micro orgwiBin of Distemper in the Dog and the Pioduc 
tion of a Distemper Vat cine By Dr S Mo\( k roN Coi JJfvlN 
Communicated by Sir M hOHTkR Sec US 
V ‘ On the Itmpcring of Iron haidencd by Overstiain By Jambs 
Muir Communicated by Profossoi I winc I K b 


The Histolo^ of the fell Wall with special i« fereiicc to the 
Mode of ( unucction of (tlh • H) M Al It u OAKiiiNtR M A 
IKS Idlow and Biu'sar of Clue College Canibiilgc ml 
AuihurW Hill IJ Schohii d Kings C die ge CHmliidge 

Part I 

IheDistiilmtioii and ( hiiaelei of C mutiling Ihiuids m the 
IiBsues if J inus »yhe4n<t md otliei Allitl Siieiies By 
Aitiuu W Hill B \ Schohi of Kings (olloge CuiuliKigt 
Keeoived fuly 17—Ihtd Dctcmbei b 1 )00 
(VUtriet) 

Ihe lesearth with which this piper w contetned was nndeitakon 
with a view of ascot tuning to what extent (onnccting thieads ’ ire 
distributed thioughout the b dy of aiij giien plant ind for this 
purpose tho endosperm ind the aarious tissues if the hypocot 1, 
cotyledons, and root of tho young seedling of /iiiits jnet and of the 
idult stem leaf and lOot of 1 inu* were examined 

The results show that tho piesonro of such thieids can le leadily 
demonstiited la tho case of all cells m which tho wall retams its 
cellulose or mucilaginous chuacter and that in suih young tissue as the 
growing point of tho loot all the cills aio provided with connecting 
threads V hen the lignified or subonsed condition h is supeivcnod it 
IS difficult 01 impossible to identify thre wis though even in such coses 
threads may bo recognised in certain of tho i ty young rloments 
In Ptnus jHiua tho tissue of tho endosperm as ilso thit of the 
gemunatmg seedling is well connected 1 y threads 
In the cotyledon tho absorptive side next the endosperm (corre 
spondmg to the lower side of the leaf) shows a certain histolognal 
disUuotion m that tho walls of tho cells Ixith of tho epidermis and of 
the Bubyocent parenchyma are moio nchiy proiidod with threads th n 
are the similar tissues of tho uppei side No threads, however, occur 

* For tho preluniiuiiy oommnnioation on tlui lubjoot, see Chirdiuer Tho 
Hutology of the Cell Wall with opeoial reference to the Kode of ConneLtiou of 
Cells,” Boy Boo Froo, toI 62 1867 
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in the outer or fiee walla of the epidormia ao that difiluion only (as 
oppoBud to direct transference) cm take plico liotween the coll con 
tents of the en luapoi m and those of the cotyledon 

In the stomata of the cctyledon thieids hue been seen in a feii 
cases connecting thi giutd cells with the epidermil ctlls 

Iho parenchymatous tissue all ovei the seedling plint shows con 
nectmg threads of a hitniltt chtrtctoi In the end walls of the cells 
they occui irrcguliily scattered but in the laterd walls they an 
usually in isolated i,ioups mainU m consepienci of the giowth in 
length Tihith these walls hate nude gone md are also situated in 
shallow pits 

The palisade ci 11s c f the cot} Icdon which it hi state united togot he 
in all diicctions aety soon sepii itc ft iiiiiiig phtes of tissue and the 
thieods ni the w illh il ng which Hcp<irition tikes jlvco are vet} 
qiuckly ollitci lU 1 A siimlai >1 liter ition of thro ids is seen to oceui 
in those wills cf pen }cli ctlls which aio Mtuated lietwein the 
living cells and the }oung trinsfusion ctlls in proccbs f ligmflcition 

Iho living tills of the pen }tlt which ire iichly <( nnuted togethei 
by threads form the passigo tells ft nn the cortn il tissues to the 
phloem an I between these tells ml the sieve tulies come the albu 
niuiouh tells which pcssess tine id gt nips cciniing in localibed thick 
< nings of their w ills 1 he thie ids winch ire long and usuilly cuived 
stain in a peculiar niannei and appeir to have an important function 
with reference to the pissigc of miteiiil from the mesoph}!! to tho 
phloem 

file phloem tisauoa of tho seelliug of Vin'm jtn i present a distinct 
type, the peciiliantics of which arc treated of it some length Ihi 
largo tells of the outei portion ire chirocteiisod by long oblique end 
walls full of threads whilst tho thick walled cells of the inner part 
possess square end walls traverse 1 b} numerous long threads, re 
sembling the sieve tulies of dieotyledoiis As development proceeds, 
sieve tubes like those of tho idult tissues are, however, quickl} 
developed from tho comlmira All tho sieve tube threads show a 
characteristic median dot 

The root cap of the seedluig root showrs numerous threads connecting 
its cells together and also afiutdiiig commiuuoation lioth with tho free 
surface of the root as well as internally with the cells of tho penblexn 
The function of tho lOot cap is an oi^an for stimulus poreoptiun and as 
an absorbent organ u considered with roforonco to the abundance of the 
oonneoting threes 

In Pmtta lylvettm the characters of the threads in tho eortical tissues 
of the adult stem and root are similar to those of the seedling 
Threads occur, howovoi, in the radial and end walls of the cells, but in 
die cells just under the cork they are distributed m large numbers ui 
the tangential walls, and this change in the mam directum of the 
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threads points to their i Uno as a means of conducting food material to 
the dovtloping coik 

In the phloem there is a sharp contrast between the stan h contaimng 
medullary ray cells and hist patonohyma on the one hand, and the 
sieve tul)ot> on the other, tnd no throads can he found directly con 
nocting the p iitnchymutous colls with tho sieve tubes, but the albu 
miuoiis cUls of the ray possess nnmo-ous threal gioupa which com 
mumcite nith Ixith tissues Iho stmh medullary 11 > tells in tho 
phloem and \>Itm possess mimtions thioads m the tangential and 
basal walls tsiK(idl> in the fonuoi and tre dso uiiiUd nith tho liost 
paitiKh}mi and d) nroiiuns rills 

Ihe Bloat tn1>o threads \ihith otcui onlj m tho radial w ills dways 
show 1 modi in dot 

Tho I’cislcnii of tint ids in the \yltm is doubtful \11 hvmg 
partnchjni itous ttlls show them but it stems pribiblo that thej 
quickly disipix^ir whtn the cells Itotumo lignifiid Ii tho cue of 
young bonltitd pits tbtio is some cvidenco tint tho toms is ti iversed 
by conntctiiig Hue ids nhi h att swin oblitii itt 1 

The ltd ot f i««s //( Mn shows a distiihution rf tuniicrUng throads 
similar to th it iiotittd in the rot) It Ion Hit tndoilt inis is sttn to lie 
in import lilt lyir cornu c ting the tissues if tht stole nith those of 
the coitox by iiitans of thrtui gioups m the tin^tnti il wdlt In the 
poiicytlt thoio aic Imlh iltid mil living i tils, but no thioads persist 
in tho VI ills lonnetting the doul with the living rolls 
Thu ilbiiniinoUB toll tht ta I gioups ire \ot\ well ilevtlo^it I, and then 
funotiuii uid peculiar pi opt i ties are iliscussod 
In conclusion, tho goner tl distnbution of tho connoiting threads 
throughout tht tissues is tunsiderod 


"On the llla/o Currents of tho liogs Ityeball ’ By A D 
Wai I m ^11), h B S Iftceiaed Dt» ember 6 —Read Decern 
her b 1900 

(Alwtract) 

The normal electrical response to light is positive The uiHanal 
olectncal response to evoi> kind of stimulus is positive Ihe norma’ 
response of the fiog’s eyeball is partly retinal, partly by other tissues 
The direction of response is roverbcd by pressure 
Tho normal "bUae currents ’ excited by single induction shocks, 
and by condenser discharges, are comparable wiUi the normal diS' 
charges of an electrical organ Their maximum voltage is of the 
same order aa that of the discharge of a single electric^ duo (ovei 
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0*03 volt). Thoir inag))itn<]o and duration increase with increased 
strength of excitation. 

Summation of stimuli, summation of eflTects, staircase increase, and 
fatigue decline are manifested Ity blaze currents. Stimulation of 
excessive strength abolishes them completely, but only temporarily. 

The energy of a blaze effect may considerably exceed the energy of 
its exciting cause. The effects are olsiervablo for at least five dayM 
after excision of the eyeball; they appear to lie diminished imder pio- 
longed illumination, and increased under prolonged darkness. 





FoutiTC response to a single iniliutioii slimk sent Ihrongli llic e^sball in tlio 
posttiio (upward) direction. 


The influence of raised temperature and increased pressure is studietl, 
and under the influence of the latter four typos of response are 
recorded. 

Comparison is raado between blaze currents and the responses of 
electrical organs os doscrilied by dn Bois lioymond. 

During and after maximal blaze the resistance diminishes; tlie 
diminution is not it reciprocal. 

If single electrical currents are passed through a normal oyohall and 
a galvanometer, in a “ homotlromo ” and in a “ hetorodrome ” direction 
(f.e., with and against the direction of normal discharge), the honio- 
dromo (positive) deflection is greater than the hctcioilromc (negative) 
deflection. This inequahty is the result of positiTO blaze cuireiit, and 
is alxtlished by death or strong tetanisation. In the latter case the 
abolition is temporary. 

The normal electrical response to light persists nndiminished at a 
time when blaze currents have been abolished by tetanisation. On the 
other hand, blaze current may be present in an eyeball giving no 
response to light. The altered state of the eyeball in relation to light 
does not necessarily run parallel with its altered state in relation to 
elecbical stimuli. 
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Prfif. M. (’ Potter. On a Bactei'ial 


“ On a Bacterial Disease of the Turnip (Brnmea napits)" By 
M. C PoTTKH, MA, FLS, Professor of Botany in the 
University nf Durham College of Science, ITewcnBtle-upou- 
Tyne. Communicated by Sir M. Foster, Sec. lt.S. Beceivetl 
November 15,—Bead December 6,1900. 

In the autumn, when the activity of the turnip plant h mainly 
dovutoil to the Ktur.igo of reserve material and the characteristic roots 
are increasing m size, it is not uncommon in this neighbomhood to find 
among the plants still giowing in the fiolils sumo whose roots are (^uitc 
rotten and with a highly ofrensive and peculiar smell. 

'llio plants thus affected can lie recognised by the drooping, yellow¬ 
ish leaves, the older lcavc.4 being the first to show any indications of 
rlisease. They gradually flag anil ilroop to the ground, at the same 
time beconmig yellow and shiivullod in appearance. The leaves next 
111 ago gradually e\hi)>it the same signs of premature decay, and this 
proceeds until finally the young loaves at the growing point succumb 
The time taken for the collapse of the loaves natiually vanes with 
ilifferont inihviduals, hut it is tuttudly a^out two weeks fiom the time of 
the first infection. 

The roots of these plants when examined present a very character¬ 
istic appeal unce. The decaying portion may lie of a gieyish-white or 
dark-brown colour, and is quite soft to the touch; the coll wall bos loet 
its natural firmness and the cells their tiirgidity, and with the escape of 
the cell-sap the tissues have been reduced to a soft watery pulp. In 
the particular disease now treatoil, the portion attacked remains of a 
whitish colour, and I havo therefore dosciibod it under the name 
“White Hot,” as my investigations havo shown that this form of 
rottenness is duo to a specific organism producing this paitioular colour 
when attacking a root. The browm and other discolorations found iu 
similarly diseased roots are probably due in part to this organism, 
together with others, but I have not succeeded in cultivating the 
“ Brown Rot,” and this awaits further investigation. 

The disease can be readily communicated to sound roots, it being 
sufficient merely to make a dight incision and smear a small portion 
of the rotten mass upon the injured surface for decay to be imme¬ 
diately sot up. In twenty-four hours the previously healthy cells 
around the inoculated surface show the characteristic changes ^ form 
and colour to a depth of about a quarter of an inch, indicating the 
progression of the decay. Keejang the plant under observatiop, widi- 
out further injury, it is noted that the rind bordering on the wound 
gradually becomes soft and assinnet a lighter colour; the diseotoTa- 
don gradually extends; the older leaves, too, droop and change colour; 
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by degreos the entire losetlo of leaies ponahiy^ and the whole root 
becomes a soft, pntnd mass, whuh evtntuull) collapses, and after i 
shower of nun dmust entitely disappca s, evtrtly the sime symptoms 
appearing as in the case of the pUiits foimd (lt£aying in the Heidi 
Ihe must caicful micioscupic sciuh has failed tu detect an} trace ot 
hyphse of the highi r fungi in the decaying m iss, but onl} t swarmiii' 
mass of bactern Ihe tissues uo completely disoiganiscd (see hg 1) 
the cells sepii iting from euh othei ilon^ the middle 1 imt 11a the cell 
walls are soft, ewullcii, and funtl} stnateil, the protoplasm too has 
lost its nstui tl colour and Jietomo slightly blown nid eontrieted, so 
thit It no longer remains closely in eoiitut with the cell wall 

With a view to di tetmiiu whethd tlu bicteiii aie the cmse of thi 
lottenness, mil if so to isolate thi paitieiilai oiginism whuh products 
It, a senes of (iiltiiies w ts nndettaken 

In the fust nmtancr t nutiient bioth mule fi im tut nips was om 
ployeil Piites of tuiiup hnely chopped wtic steiraed m i heakci 
until soft, siifhilent tip-wstir hting added to pist lovui thim, when 
soft they weit pi eased thioiigh a cloth and the )i pud hiterod lo thi 
clear light }ellow hltiate thus obtained I per tent of gelatine was 
addtal,and the mixtuic was thou stoimed filteied uid dnwn into test 
tithes, which pievtousl} hu’ atn pliigge I with cottonwool and 
exposed to a temperituie ot 140 C fn htif an hour These test 
tubus, contuning about 10 e c each cf the liouilli n, were next steamed 
for hJf on hour on thieo eonseoiitno di>s iiul « v further test of 
complete steiilisation they weio incuhated at 20 t for a few days 
No lolonies wtro found to detelop (^^ hence ei mention is m ide of 
tost tubes containing nutiient gelitine it must lie uneleistood thit all 
have been piepatod in this mannoi, ind none ha\o bten employed 
which have nut been submitted to these tests) In some cases the broth 
was neutralised, iii others it was allowed to retain the natural acidit} 
of the cell sap, but sulweqiiently Koch s liouillon, m ut ahsed with 
aodiiun hydiate b} the phenolphthalem test, was found to give the 
most Bati8f,utoiy results, and hence was alw lys used 

In sepalatiiig the v inous otginisnis found in the rotten mass a 
sterile platinum wore was introduced into the tin nip {the rotten pait 
praoticaliy offetiiig no lesistince) and th< n inimors<>d in a test-tube (A) 
cemtaming about 10 cc of the luiuul nutru nt gelatine From this a 
loop was taken in a sinuUr manner into i sttund test-tulie (B), and so 
on until a sulficient degree of attenuation was reached The tost tubes 
after being well shaken were turiietl out into petii capsules a, b g 
rospoctivoly These were placetl in a cool incubator, and the colonies 
allowed to develop In a, and often in h, the entire suifaco became 
covered with growing colonies too thickly crowded to bo of any use 
for the purpose of isolation , bat in the others the colonics wrere less 
numerous and sufficiently distinct to allow the organisms to be sepa 
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latod from oach othei Tho moat conspicuous colonics were those 
which liquefied the gelatine among others producing no liquefaction 
¥w iw I/? ctnh n iiid i jeast were especially noted for their 
frequent oocuuence liit no tiace of any of tho higher fungi was 
found Ihe colonies were next truisplanted by means of a sterile 
platinum a ire into testtiilies contiiniiig alout 10 c c of nutnent 
gelatine and aftoi numerous trills I ww sitisfled that pure cultuies 
were obtiineil 

Ibe vane us organisms as iholatul wire sonii 1 y means of a freshly 
heated platinum line upon stenlo but living Hocks of tuniip To 
prepare these blicks the tin nips were first washed and then soaked 
in a 1 per cent solution of corrosive sublimate to destroy any organisms 
adhering to tho o iter s iif lei the cuiiosiie sill limale being afterwards 
thoroughly w ishcd iwiy 1 y meins of w itei steiilised by discontinuoiia 
boiling The rind w is then romc vo 1 by a stenlo knife the turnips 
1 oing cut into siut il le 11 cks on i sterile plate and qiutkly inserted in 
the test tidies Ticitel in this way the blocks of tuinip while quite 
stenle were compose 1 f heilthy living cells is wis shewn by thiee 
sots of contiol tides In the first set the Hocks prepiie 1 as above, 
were immei bed in ( ole 1 li pn I nutnent gelatine in tho second similar 
blocks were immersed in stenlo watei in neither case were any 
colonies found to dev el p (itht r vv hen tho 1 locks were partially or wholly 
submorged ind ifter eight day s no sign of decay hail ippearod In the 
thii d set the lb < ks wore simply insei to i in tho t d os and kept ui a damp 
atmosphoro on micioser picil oxuninitioii cell division was observed 
to hav e taken place in the outer layers of iinuijim 1 cells and the cell 
tissues presonted a m rmal ind entirely healthy ippe nance 

In tho tidxiB containing tho inocidatid 1 locks m iny showed signs of 
atlvanied decay in al uit twelve hours ind all those in which any 
lottenness appciiul were carefully noted 

After repeated experiment lud a long bonos i f cidturos I succeeded 
in isoliting i boctoiiiim which liqiiefles gelatiiu and which when sown 
on tho steide blocks of living turnip pioiuced tho char ictenstic 
hite llot prev lously desenbe 1 

ihe ISC 1 ition of the baeteri im in this manner was further confirmed 
ly pricking out tho cobiiies by means of Uniias harpoon Small 
colonics of about 1!! /i giowing in a petii capsule were selected and 
traiispl inted by tho h iipoon into petn c ipsiiles containing some stenle 
turiup Ixnullon A specially fino harpoon needle was obtained but the 
point was still lirget than theso very small colonics and it was only 
after some practice that they could be successfully transplanted The 
colonies seloctod we o thoso growing qiute apart which appeared to 
have ansen from a single bactenum to eliimnate ns far as possible any 
chance of the noodle touching more than ono Lest, however, even 
these small colonies might have grown from more than one bacterium, 
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a mngle baoteniim w is Boloctod and ito do\ olopment watched with the 
capsule fixed under the nucroacopo until tht colony wm sufficiently 
large to transplant Cultn itions were also mode I>y the method of 
the hanging di op A drop of gelatine honillon from a tost tube con 
taming a very few bacteria was plated upon a steiile coieislip and 
then mrerted oier a sterile gi oh mg cell and examined under the 
microscope If the b ictena were too numproiu the preparation was 
discarded and trials made until i hanging drop h is seemed Hith only 
one or two bacttii i Iho groHiiig cell h is now fixed under the micro 
scope, so that a stlcctotl liactciium could lie oliservcrl and the growth 
of the colony nutetl \then sufficiently Urge the covorslip wis 
quickly iniortcd and the felony removul by the fine Unnas harpoon 
to a petn cipsidc In this waj pure cultuics hlic obtiinul giown 
from a single hicttiium uhieh ilHi^sgatc use to the charoctciistic 
" White liot and left no doubt that this bictciium u the sole organ 
ism concerned in the disc iso 

Pure cultures wcie also sfinii upon pUnts growing in the College 
garden with cxittl} the same lesult Ihc dec ly commenced at the 
pomt of infection and soon spioad through the sound roots eventually 
producing the same white putrefying miss of rottenness 

The bictenumcan lue fui muiy genoratims is a saprophy te without 
losiug itssiruknco is a parasite A stock obtained fiom i white 
rottefl ’ turmp growing in a fieltl near ^ew utle on September lOtb, 
1898, was isolated dimng that month ind after pissing through 
several cultivations in Miccessiio test tuljcs was hn illy put aside on 
April 29th 1899 On August 2lid two bounl turnips wein solected 
in the College ganlen, ind while still giowing the part of the roots 
above ground was washed with loirosivo sullimato and afterwards 
with stenle water, a wound was then mulo with a sterile knife and a 
httle of the culture fiom one of the tost tuks left undisturbed smeo 
April 29th was introduced by a platinum wm The turnips were then 
covered ovei with a zinc cyliiidoi, ind upon examinifion five days 
after, on August 28th, the rot was found toha\o penetrited deeply 
into the tissues the larger h ilf of the roots having become completely 
rotten with all the distinctive characteristics (f the tiiie \N hite Bot 

In order to ascertaui the precise action of the bactonum, and to 
dotenmne whether it pioducod any feiment cipahle of acting upon 
the cell wall in a manner similar to those of vanous parasitic fungi 
tiie method of precipitation by alcohol was adopted A litre flask 
was plugged, sterilised, and then filled about half full with stenle 
blocks of turnips, to which was added a small block upon which a puie 
oultore of bactenum had been sown a httle stenle watoi- was then 
introduced, the flask closed as quickly as possible, and then well 
ahaken to distribate the bacteria In twenty four hours many of the 
blocks diowed the cbaraeteiistic action of the bactenum, and in the 
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lourse of thieo oi four days neatly the whole contents had become 
lutton 

The next important step was to separate the bactena from then 
products rhe contents of the flask wcie turned out and pressed 
through a cloth into a gl iss tyliudtr to remove the coarser portions, 
the tin bid bquid teas then fdteied and afterwards diluted with four to 
fl\e times its bidk of alcohol Almost immecbatcly on ildition of the 
'dcohol 1 cloudy preupituto formed and, it the tnd of twenty fom 
houis, 1 copious flocculcnt piccipitate was deposited After filtration 
the precipitate was w ished with absolute alcohol, dried carefully 
collected tnd then digested with distilled water for al out three houis 
rhe solution was then passed thiough a Pasteur Chambei land filtei 
fixed in i Maassen s bvtoiia filter In this manner a clear pde straw 
coloured liquid was obtained free from bactena The liquid when 
ilrawii into btonlc test tulies rem lined clear for any Ic ngth of time but 
when exposed to the an it soon liocame turbid A senes of ten such 
sterile test-tubes was piepared five of which wore held over a Bunsen 
burner, and the fluid allowed to lioil, the other five wore loft without 
any exposure to heat Ihiii sections cut from sterile blocks of tuinip, 
by means cf a razor steipcd in boiluig water, weie taken off in stenle 
watei and quickly introduced lioth uito fdie boiled and unboiled flmds 
The letion cf tie unboilod flmd w is very marked lig 1 shows a 



Fig 1 — Oioup of crib from t loobon of turmp whicb ha* been exposed to the 
setion of II r e>tMe for twenty foar bonis The oell walls are swollen 
and irregular in owlluii and the cells are eeparatuig along the middle 
lamel a (Zeiss, E oo 8} 

section taken from one of those preparations after twenty four hours’ 
exposure the cell wall is swollen and striated, and so much softened 
that great difficulty was found in handling the sectionmnd removiiig 
It to the slide , it is well seen that the walls have quite lost iheir 
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natural firmnew and clear regularity of outline, being bulgy and du- 
tended in places ] the dissolution of the cells is very apparent along 
the middle lamella, and the whole appearance of the section cone- 
sponds exactly with those Uken fiom turnips found afleotod by the rot 
in the fields. The sections contained in the lioilod fluid exhibited 
none of the appcaninccs descniiod above, and the ccll-iv.ills remained 
perfectly normal. It is thus evident that the liacterium secietes an 
enzyme which dissulves the middle lamella and causes the softening 
and swelling of the coli-nall Fig *2 rcpicseiUs a single cell fiom a 



Fig 2.—Cell unmoritrd for ■ixioon hours in an unboilnl ).oli.t]ou of the rylaie 
Thickness of cell-aall, 2/i at x x fiSeiss, E oc 2), 

section immersed in the filtered, unboiled liquid for sixteen hours. 
Fig. 3 shows one after an immersion of forty hours. The thickness of 



Fig. S.-^eotioB immersed for fortj-two hours in unboiled solution of the ojlase. 
Thiokuess of wall, 6'8 /> at x x E oc 2) 


tlu walls was 2 p, and 5'3 p respectively. (I should remark here that 
these seotMms were out out of season from old turnips in which the 
walls would be more resistant, and this would account for the; rela- 
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ttrely slow devolopmont In EOutions from more succulent growuiji 
roots the whIIb have been found to swell from 2 to 7 m the courst 
of twenty four hours) In fig 4 the coll is drawn from i section im 



Fif, i —S oti n im iier« 1 in §oI iti of f («iJj ( \a I our» wlioio po«or 

liad boon d stroked bv boilii g < oU » die qi ite now nl (Z< x* b, oe J) 

morsed for forty houis in the boiled li jui 1 The cell wall is not pel 
eeptibly thickened or affected in aiij wai • 

The activity of the ensynie in the dee t> nig plant was also shown 
by passing the juieo from the biuweil pidp (hrcctly thiongh a Pasteur 
Ghamberland flltei when its aetion oil the cell wall was precisely that 
rlesenbed in the ease of the w (toiy extract of the alcoholic prei ipitate 
The bictenum also secretes the en/yme when growing in a beef 
solution Small flasks coiitainnig 100 c t of lieef liouillon inoculateei 
with a pul% culture, became tin bid in the course of twenty four to 
thirt} SIX hours After an iiitetval of eight davs the bquid was 
filtered ind diluted with five times its bulk of alcohol when i 
precipitate immediately began to ippeai Aftei standing twelve 
hours the precipitate ww eolle(*cd by filtntion diied, and then 
digested with 10 cc of ibstilled water After filtiation throngh a 
Pasteur Ghamberland iiltei cxpeiiments wore repeated as above with 
sections of sterile turnip, uul the same results weio obtained, the 
liquid was foimd to po8s«<w the property of dissolving the middle 
lamella, and causing the softening and swolbng of the cell wall All 
■action of the ferment was destroyed by boiling 

To avoid the tedious process of the filtration through a Pasteur 
<Chamborland filter, and the necessary stenlisation of the apparatus, 
various attempts w ere made to render the solutions aseptic by the use 
of such re agents as chloroform, thymol, formalin, &c But this process 
had to be abandoned, as in all these oases living bacteria were found 
after twenty four hours, and no reliance could be placed upon it 
In the early stages of the mveetigations, filtration—except when 
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tht oliiuindtion of Iwtterw « ilosiiul —m « efTcited through ordinary 
filter pipei The quuitit} of tho piecipitatc lieing smill the portion 
of tht paiK-i up til which it was depositetl was cut out and digested 
with witci But m oidei to tvoid my {tossihlc iction of the enzyme 
uixMi the paper kieselguhr w is snIiseqiientU iiiianililv employed, a 
few pieces of gliss it the Itaso of the fimnel covciod with a little 
islicstoh selling to pieieut the kieselguhr ftom pissing thiough, 
the necessHi} piossuro to uisiiic filti ition licing denied fioni nn an 
piuu)) 

The filteied oxti ict fiom the lotton eurinp also coiitiina u diastisu 
feiment Iw i test tidies e«h cont lining Oct of the dissohed 
ferment weie diluted with 5 c ( of a 1 pel cent staich emidsion one of 
the test tidies htiing pioviouslv lieen boiled After twreuti foiu hours 
the test tulie with the iitihoiled feimcnt showed no starch leaction on 
the addition of iodine but the ImuIoiI tidio at once gaie the chaiuctei 
istii 1 lilt 

Siuiih dustasK eiizvines a c evcietel hy seieiil othei bicteiia 
(Lafiii) 

It will he coiiienient hea t> My tliat adopting Migulas ilassifioa 
bull I hue ventiued to nime the bactenum I am destnbiiig 
P i1 IT s fc tiuftu though the description will lie giien later 
It his lieen established thit F lioth when linng in a 

nutiient solution ind on v living tniiiip eicietos in enzyme which 
has the power of dissolving the muhlle liinella and of ciusing the 
softening md swelling of the cell w til 

As i fuithor result of the Imtenal aetioii us ilreodv desenbed, the 
piotoplasm of the cells is found to have contrveted become blown 
and separated fiom the cell wall showing evidence of the action of t 
toxin secieted b> the bictenum The sime effect w« produced m 
hung turnip cells when treated with the boiled pressed jmee of i 
turnip which had become rotten through the influence of n pure 
cultuie of P destiudin^ The pressed juice was filtered ind about 
10 c c drawn into test tubes, whieh were then plugged and stenhsed 
by discontinuous boiling Sections cut by a i ozor sterilised by boiling, 
from blocks of stenle, living turnip (p 444) were quickly trinsfeiied 
to the lioded juice ifter it had cooled, at the same time similai 
sections wete immetsed m test-tuIies containing the same quanbtj 
of stenle watei After twelve hours a veiy marked contiast was 
obsenable Iietween these sections In those immersed in the stenle 
water the celbi piesented the normal apjiearauce, with the piotoplasm 
pressed close to the cell will while in those in the boiled pie8*«d 
jmee the piotoplasm was dead, had assumed a brown tint, and 
contiacted awa\ fiom the cell wall A toxui, therefore, which u 
not destiojed bj boiling is secreted by P dedivelani 
In his paper “ Ue^r eiiuge Sclerotuueii und Sclerotieii Krank 
voi ixvn 3 K 
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hoiteii,' tie Buy hw ihown thit umI is sttittcil by the hvphi 

of 7V I ( siltiiifitiiiiihvihcn living jw ipinsitc md thit this uid «.M 
as i toxin in killing uid pIiu>molysitig the piutoplism Wthmei 
has found Ihit I jhhiiUks iiifu itid VnitUmni /Iniirun lUt) foim 
vxalu ucid when gi owing in i siigu loiitaining solution 0\dic 
a(id, liung ui iinavoiddile piodiut in tht motiiljohsni of the higher 
plants, uid ilso 111 some fniigi, it scemul leisoiiaMc to suppose thit 
It might bt found is ii similu picMliicl in the lift of b letci 11 With 
this idea I tested thi juiic cYpicssed fioni a rotten tin nip, iiid 
found, on wlditioii of eHlcmni ihloiide, i precipitate which pioved to 
be call Him oxalate Ciil lutes neie then iiiidei taken to test foi the 
pieseiite of oxdn wid is i pusliKt tiom P i fmn K bioth, 
made by steiming sniill pieces of letively gi owing turnips until soft, 
wis neiitialised by iiiexiessof cilcnun i ubonate and hltoied itwis 
thou allowed to stuid ovei night, when a fiirthei deposition of cilcmm 
took place It w is then again filtei od, clai ifiul with the white of in egg, 
steamed, filteial, ind diawn into foui flisks, oath contsninig 130 t c, 
which iieie stei ilisal A solntiou was thus obtained fiie fiom any o\ die 
atnl which might h ive Ixicn pieseiit in the tissues of the tin nip Two 
of the flasks weie inoculitoil with P th hurlin', on August iHth In 
twenty four houis they liecarot tiubid, uid aftei foiii days weie Usteil 
and found to contain oxalic k id, while the eoiiti ol flasks showed no 
evideiuo of this icid, uid lem uiied perfectly cleir 

} k'UtviUtn', ilso sets up an oxalic fermentitioii in Pistem’s 
solution A litre of P isteui s solution with eane wig u w is made up 
and divided into four flasks, each of whieh was taiefidly sterilised uul 
one sow n with P (ksliit tmt After twenty four hoiu s the liqiud in the 
inoculated flask, which was picvioubly peifectly deal, hecamo cloudy, 
and iftei a week ipiite opaque, 10 ee of this, when treated with a 
solution of lalciiun chloiide, in the presume of icetic acid, it once 
showed a precipitate of (ulciiim oxalate, wbuh incieiseil on hmng 
warmed Another 10 cc of tljo ongiinl solution, which bail Wn 
kept steiile during the same [lenod, remuneil quite deal on tieiitment 
with the same reagents P lU'Jiurtan', thus sets up an oxiilie fer 
mentation in a sug u containing liqiud It has also been found that 
carbon di-oxide is given off during the piooess 

When treated with alcohol, the Pasteiii solution, in which P lie'll w 
iims had been growing foi eight days, yielded i white flocculent 
precipitate which contained the cytaso The oxihc wid, however, 
remained in solution, and was depositod as the calcium s dt on vldition 
of ealcmm chlonde This calcium piecipitate, when mixed with 
manguiese ib'Onde and treated with siilphuue aud, yielded cailioiac 
acid, which furnishes a further confirmatory test of the presence of 
oxalic acid The preciptation by alcohol affoids a ready method of 
separating the toxm (oxalic acid) from the cytase, and this explains 
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why the bottion^ ticitwl with the w ituy extri t of tho nkoholic 
pro ipilitc c\hiliiU,(l no milked plismolysii 

Ihit the o\ ill iti 1 fo nud liy P f tin I i in I’lbUui » ><011111011 
nth IS i jiowettiiJ toMii Mil viiy iltiily •<hown Six plnj^geil itid 
bteiilt test-tiilKs weie piipiiid, iiid diout 10 < t of the tonientuig 
Pisuur holution w is pome I ii t» ciih To thiee ot thehe (heiioh 1) 
sufiitient ( ikium (.iiloiuu w is uldtd to neiitrilisi thi ovdn uid 
Both t>eiie>i of lid e<i weu then sleiilw I hy dihiontuiilons lioiliiig, 
dining whnh puites* the ytie wool 1 ledistio^ed, ind into both 
when Lool freshly ill mil tciile st tions of tiiinip weie placed 
picjHiied IS lies idnil on ])i(,e 44C iiid thi olntiniis dloweil to ict 
till next raoiiiini, Ihe seitioiis in tlie se oiid senes of Ust-tulicB 
ahowed imnked tonti letion of thi putoplism nid it lookeilhown 
inddoid, tnd i-howed no tin lemy to ietuin to its noiinil loiiibtion 
when imnieisell in pun \i itei In the hist uliicli wne lieited with 
edemm euliotmte, the i otojili'm w is ipnte not mil, mil exutly 
iceemhled i seetion which hid lieen immiisiditi teiile miiei tor the 
sime pciioil 

A thud set of testtiditb weie hlled with dmut 10 i i ot the 
bolntion, thebe were not lioilel, mil leieued ni diinm i hImiiiiU 
the sutionh introdnied showed lomplite dissoi i ition ot the ioll», tho 
tell w ills giuitly swollen md the jiioloplism \eiy stion^lv lontiaelul 
Ihia experiment with the Pisteni holntion dinionsti ited the piodnc 
tion of the stme lytise, md stnking,ly illiist ited its ettt t upon the 
jiluit cell, lb well IS the to\i i tioii if the i \ilie leiil i\en moie so 
thui w« the cisi with the sinie exiieiiment with tmnip pnee 

Ill toiisiileiing thi ifltit if the ixdie mil inxm the ullh, it w 
important to note th it t ih inra peet ite, i s ilt w liieh is deeomjxisul by 
oxilic acid with tho iiiodnetion of i deinm jxaliU, enteis liigtly into 
the lompobition of thi middle limellt I\ehraei hiib shown thitin 
the eiiltiviition of j j //lU »// iid 7 / lUtm // i oxali icid 
18 formed in 8 iceh u me solntious th it the ox die leid pioduLtd nth is 
a toxin to these fniigi, md gi uluilly dimiiiishts then xigoui, and that 
when iieitam btieiigth liis iceiimnliU 1 no funhei ilevelopment is 
possible grow th, how exn, is iebiimed w hen the ox ilie neid is nenti iliueil 
by a eiileium s ilt The leaetion Ixtween the ox ihc acid produced hy 
P ifctiu tan mil the lalciiim pottitc of the middle lamella ib 
preciselly aiiilogous the oxdii icid would lie iieutiilised, and the 
pecUto leplieeil hy the oxilite, md the continued growth of the 
bacteria would thus lie lenileied pohbible Ihe oxabe icid* then both 
acts 18 i toxin m killing the < ells md may nko pi ly home pai t in 

* Bince ihe abore aetounc ot tho for nation of oxah ai id hy f dr>,trtntn it wm 
written, Zopf hat publithtd i note nl*o dcn iib ng tho lirmation ot oxalic acid hy 
S tyltHum, *OxaWun bildiing luicli Baotenen ’ Bariehti d D ]3ot Gatlll ' 
Feb 19U0 
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the ilcatructioii of the mi<l(Uc limelli iiul the oopdintiou of the 
cells 

lijj; shown i cell swHtmiitK with I I ! ulnx the hicteiia are 
seen occupying tho intei ctllulat uptccs iiid lung in the ti ick erf the 
muUllu limellu 



III* 6— A «I1 frwn turnip iiigtui«t<d with h pure eultum of P dtrtru^nt 
the ba(.t«r» uw leen ui tl« cell tainty and alio nlong the track of the 
I iddle bniella and in the intercrlliilai ipain Ihe cell wall u mnoh 
iwollen ut a It u ju»t beginning to leparah along the middle lamella 
and at h the diewoiatiou m more etrongl^ marked The nucleus and 
portions of (he protojlasni still mmun (Dnwn with Abbe camera 
lucid 7ciw E oc 4) 

111 the c ise of aeverul parasite fungi, tho hyplue also burrow in the 
thickness of the cell wall, and the same phenomenon is now shown to 
be tiuc of one pirasitic achi/omyceto, and possibly this is owing to 
the necessit} for the neutralisation of the oxabo acid as a condition of 
existence 

itni^mes similai in nature to that described foi B Mnitiant have 
been demonstrated b^ Marshall Ward for Botiytvi and by de 6 ary for 
SeUrottnw 

The action of this bacterium upon bvuig plant tissues u iffecisely 
similar to that of certain of the parasitK fungi, in both cases the inrading 
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organism piwiutCH oxalic acid, ahich lu’ts an a t«i\in to the piotoplnsm 
and, decomp«)Siiig the cnldiim pettato, fiirthej>. tho di<wolution of the 
cells ; and also there is tho set rotioii of a eytaw, w Inch has a dosti iictive 
action upon tho cell-wall and intcitolltdar hnltstaiiLe. The question of 
the panisitibni of tho l»acteria thus i>t.inds in these rexiiects on tho same 
platform ns that of tho fungi, and a tomplete homology is cstaMishwl 
hetwoeii them 

At fii-st I exponettLod (onsideiahle dttii<ulty in staining the flagella. 
Loofflei’h method was fiist tiied, Imt with no ])Ositive lesults; it 
eiiahlcxl one, however, to notice two deeply st.niied poitions at either 
end ot tho rod. V,i,n Ki nioiigeii’M method .ilso fiiiLsl in spite of the 
strictest attention to tuthiiiqiie, hut hy gi.idnally increasing the 
strength of the hilvei nitiate, and hnally nsing a 2 per i ent solution, 
the desired lesiilt was obtunml, .iiid the Ij.uitliisw.ih then found to 
possess mu jmUu Jhiiffllinii (tig. t») It hhonld U* ineiitionod that tho 
limctire of lawsing tho unei-shp thoioiigh .4 fl.ime w.is discaided in 
favour of diyiiig the rover slip .it <i0 C in a w.ucr Ivith, the l.itter 
method Ijeing nioio (Cit.iin .ind giving licttei lesults. 




J<'i([ 6. — P*rnt/omoiiat lintmtaM with siiiKie polar riauitlimi. 

apoehruiiistio amt (oinpenanlWR ncular lit) 


(Swilfs 1 mh 


P-^Hihmomn is .wrobic X stab cnltino nipidly doveloiM .dong the 
track of the wire, forming a fmuiel, tho erlge of tho funnel reaches the 
sides of the test-tube in about loity-eight hours, .uid gi.wlually sinks 
as tho gelatine lieconies lirpiid. The gelatine, however, is novel wholly 
liquefli^, the liquefaction extending down tho sides of the tulxi only 
to a depth of alxjiit one luid a half contjnietrcs. If a layer of gelatine 
is immediately poured aliovo the stab and the test-tulio pl.ued in the 
incubator, tho track of tho wire is clearly marked out as Ijefoi-e, but 
the colonies soon cease to develop, and all growth ceases after three 
days. The tube may lie kept fur many weeks in this condition. 

Again, so fai' as my experiments show, the .iction of f'sr mlmiuiuH 
upon turnips and potatoes only takes place in the jirosence of o-xygen. 
The following are typical examples of experiments frequently repeated 
and always with the same results:—flask holding about 260 c.o, 
with a tij^tly fitting indiantbber cork perforated to admit two glass 
tabes bent at right angles, was sterilised in the following manner. 
The tabes were plugged at each end with cotton wool, and the plugs 
pushed well into the tubes, the flask being also plugged with cotton 
wool, and, together with the glass tubes, sterilised by dry heat. Meanp 
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whiU the m(hiiuI>liLi coik w is IhmIuI foi h ilf in hou in h 10 pti 
cent silutioii of CO iiwut snlihnutL Hu Ht«k hucnig coolul wiw 
thin iliout hilf hllwl with sUiilc hlocks of Iniiig tiuinii, piepired is 
iltscnlitil iliOM nitl iiioiiilutLii uith i pint cultiiu ui P t1 tin fi i 
Tho nulliiuliliei lo k ittu w ishcil in stuilt w an w ts qinckU 

insoitLil into the flisk the gliss tiilu Imn^ pushed through the 
lieifoi itions ind the jniutions st dtd with incite 1 w«\ Tin* loiigei 
tiilie (A) 11 iclud to till ImiIIoiii of tlu itisk thi slioilei (D) imlt 
slightli piotrndcd diiinunds tinongh the loik I he iition of tho 
luKtemiin loiild Ik deteiud in the coiiise of tvuUohonib, the hloiks 
ihnn'ing loloin ind hliowiiig signs of disintegi ition at the wlgeh 
Diuiiig feiinintutiun i loiisidet thie qumtit} of ^^hs was gi\en ott 
whuh could lie colleited fioni it o\ii i pneumitii tiough, the fluid 
which SOI n ucimiul ited it the hottoin of the H ink iisin^ in A, siipp|\ 
nip tlu uipiisiti piissine When tlu loiigei tulie A w w left oixin 
and I Mithiient supph of oWpUii eould diffuse into the H tsK i nlionu 
lutd w IS contuuidl\ Jtiieii off uid in thi iouih of lUint a week tho 
contents Ihi iiiii eiitiuU lotten nid leclticed to i w iten mess M hen, 
howitei in a |iiecisil\ siiiiilu ffnsk iisul is i lontiol theloiigii tulic 
rtftei I shoit niteiid w is closed ind the shoitei (oniiietoil with i 
tulu foi colliitnip inj gis pUtn oft thus luttnig oft tho supply of 
osygiii the iMilutioii of CO mmhi ceiscd ind is fii is lould lie 
olisened tin ntionofi' ih linHn tiiisid ilsn 

lociiii this point I stop fiiithei mil to isceitiin moii dofnutely 
whittle I the Ktion of /'si/ » could tiki pine in tlu ihseme of 

oxygin niothir senes of flisks was fitted up with the two tidies is 
alioHili desinlied the smii ptei lutions is to stiiilisition Iieing 
fulujiUd Old tlu ))iepiud liloeks rf tuiiiip intiodiuid and nioiulutod 
as liefoie llu shoitei tiilic w is now connuted with a soeoiid flask 
cunt lining ni ilk dine solution of pi logallii uid, and tho othoi with <i 
lieiit tiilie eoiitanung raoieuii to ut is i miiioinetoi, and preieiit any 
access of oiygeii fioni the an Ihe first lesult noticed was an evpui 
Sion of the 111 in the ft isks, the merciu} using ni tho distal liinli The 
lucieuii runtniued to iise, huhhles of (iilioii dioxide cientuiU} 
esciping loiuid the liond Thii ictioii, howeioi, ceasod in tho course 
of tw o dai n, the ai ail iblo supply of oxi gen in the fl isk« ind inter 
tellul ir sp lies Iwing o\h lUsted Aftei a long mtenal (foui months— 
June G to Octolior H) the flasks weie disconnected, and the tuniip 
blocks e\itnined Tlie} still retauied then otigmsl shape, and were 
oidi lotten supoihciill} , the pec^ biul somewhat lost their iigidity, 
Tmt offerod coiisiderahio lesistinco when stretched filieroscopic 
exammation showed all tho cells to lie dead, hut it w<i8 onlj one or 
two lajers of superficuil cells which showed anj evidence of haoterul 
action The cell walls on the outside of the block were swollen and 
striated, and could lie leodily separated along the middle lamella, the 
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Ltll w illh i» tho Intel lor of the tiniw hoivovei, pro«,iito<l the tiomial 
uppi nance neithei swollen iior iculih w{)Hratmg 
Coiitiol e\p«iimunts wtio net up in Mliiih aitci foiii iU}s the 
m nionu ici iixl ]iviok iliic fl mK ^MIO tlibiuniiocterl, and the air allowed 
to diffuse into the ffwlm upon sniisequont ex imin itioii the hlotks in 
these wcu found to hi\e Ixionic (uiupletel\ lotteii Wo may thtm 
infti tha the utioncf /* httm hn* onU piiKcedt so fip is a supply 
of o\iK( II Is 11 111 ilik 

I’ot itiMh as well is till nips wtie employed in those exiieiiinonts and 
till insults 111 tilth tisi were the eiine oxeepl tint with the potito 
when the ffiish ii is tnuuetted with tho p^iogdlu ffisk mil mininneter, 
inniitdiateli litti the iioeulition of tho iilockb no hulihlos of CO. 
WOK (lisintd to tscipc tomid the licrid uid then n is no iiidiixtion of 
tht lot 


<! t f f rstudonioiias Disiiuttaiis 
Jl I I On ^i(\Mii4 tin nips piidiiiin^ t ‘ Mhite Kot in tho hung 

M fhil 11 Mioit niolilt mmIs {/ xh/ with i sin^lo polii fla 
s'elluin 

(iiHtn t 111 mill lemidt in thi pitsentoof ox>gon 
Gditiu lifi( / it loims tmulii ttlomos of whitishgrey 
hniith 111^ latiiH 

'>/ I I lit (iiows I ipidli ilon^ the track of tho wire, 
totmin^ I funnel slii[ied tula of Iniuid ^chtiiio with i white, 
floudi deposit in tht Ininid laation 
/I/I \Miitt gli/v giowth 
J iiini'* (turns I ipidli lb i iMiiisiti 
I’ltiUi iint( III SuiK offiet IS on the tuiiuji 
is it it ^oglowtll as I jiaiasite 

7 , M —Ktahs iNiudlon and tuinip lietoitico tloudi and opaque 
/ iw nil A citise ( lusiiig the swelling ind Hofteiiing of tho cell 
w ill and dissolution of tho middle lamella 

A diHstisL \ poptoiiMiiig feiinent, pioduciiig hquefac 
tioii ui gelatine 

7 i III —Oxilit and fmmed w i pioduit of luetabolwm in turnip- 
]iuce and iii Pasteur a solution coiitiiumg cane sugai 
Shuns — KtaidiK atatnod with the onhnui} aniliuo dyes, hut not with 
Oram’a methoil 

llntiiwH —Booidiuil piiKlutt always acid 

Copious evolution of carhomi acid during the fementatiom 

Among lanuiiB haotena at present noted aa causing plant dteeasee, 
that doaonlied hj Kramei as attacking the potato (N lasfatde) apfwoachea 
most nearly to the one which w the subject of tfaupaper KrunePt 
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buiillufa igueu in liquefying gelitine very i ipidlv, iml it Iwti l\^ tin 
nuiMle limelli, iml fin illy the i JI w ill Fht bi/c of the liKtiiiiim 
as given by Krimer is from J 5/i long ami 7 8/ibioHil vuj iit illy 
the same dimensions os those of the turnip liaeteimm Kituiui how 
ever has not nimul his bacillus, ind he nukes no mention it the 
flagellum Ho desciibes two stiges in the decay of the ptitiKs 
hirst 111 uid stage lining which bntyiic mid ind c iilxmu uid iie 
given off in thih stige the siigiis, then the inteuellid ii Milistince, 
and finally the cell w ills iie destioyed the stiich u not itti kel 
Siilisoquently the pioteids ire 1 loken up with the foimitiiii ff 
ammonia iiiethyHmine tnmethylamim iiid othei piisliuts in this 
st^e the M-ids ire iieiitialise I In the utioiiof / / /; t i uiion 
tuinips ind potitoes ulimiK icid is given off iid the rei ti tn of thi 
pulp IS ilw i^s itid On cieiiiiipto i hemi iltiicnl he dill not 
definitely state th it biit^ 11 uni methyl iimiie, ind ti imeth> 1 inline ne 
also pioduced he w is of opinion that they weie pTcsent but that the 
decomposition is of i moie e< niplic ited n itiii e I I f I difteis 
fiom Ki imei s 1 icillus in secietiiig idiistase md dwayb } lel brig in 
acid prodint iiiithci, 1 I ■*!$ ft as hqitchcs the gelatine in utinliu 
aieos the Icif bkc formation described ly Ki imei never having laeii 
ohbcncd nor hive lever found the appaieiitly iinjoiiited thieids is 
much IS 16/1 long upon nutnciit plates Pinimel md Smith h ive ilso 
desciibed a / ude/»o/uM (P lamp fits) which Cciiises i brown lot m 
the loot and leives of vaiions eiinifeioiis phiits evidently qint i 
distinct foim 

Ihe letion of the buteiia upon the ell w ill of the liighii pi nits 
has lieen studied by several obsiivois \ in Tieghem piol illy 
woiking with mixed cultures has useidied the dcbtiuctinn >f cellulose 
to ht til I m /I hi 1 1 V in Seims has isolated in enzyme ami <h mon 
strated its solvent powti upon (cllulose fiom two bi tciii me 
anaetobic, living Hvmhiotically Winogiulsky iiid tiila,« hive 
isolated in inieiobie bicteiinm which dissolves the middle liniellam 
the process of flaxietting, and sets tiee the hast hbreb, without, 
howevei hiving uiy letioii upon the cellulose i^thiii iscidies the 
action of bieterii m the bictetiosis of ainations to in eii/yme but 
without isolating it 

Fill qiute recently 1 was unaware th it iny one hiul ibohited fi >m the 
bacteria in entymo capable of ittiieking the middle lamella of hvuig 
cells, and thus causing i plant ebsease Liiueiits valuable paper, 
“Recbeiches Expel imentales siir Its Maladies des Plantes, I only 
obtained in 4ugiist of this year It was published m December, 1898, 
simultaneously with a preliminary paper I toad at the University of 
Durham I^osophical Society, but pievioiisly, as eaily as Janiury, 
1898,1 made a bnef report to tbe Boyal Society embodying the runilts 
of my work, vu, the isolation of the specific bactoiium caiuing tbe 
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White Kilt of tunnpci, iml the iMiUtioii >f an cn/jnic which 
chsaolvecl the middle lamelli and eiii<i<3d bottening iiid swelling of 
the eell wall The pieasuto of teuhing hoa pi evented niy piililinhiiig 
the complete papei soouei 

Ijaiiront ni hia luveatigatiuiiM iifion the poUti in I iht iiiaes f itN 
gieatoi ()i leuh rcbiatanee to iMcteiiil hscaac iIko estiMahed the 
existence of a ytiae which dissohoel the niidlle hmelh t ipnlly 
softened the all tishues uid uu>e(l the disiggiegitinn ot thi cll'> 

The organism which wis the hitf aiiljectof J imenth iiseii he« 
H tt% rum It iH veiy lately cipahle >f living la i pii isite iiiioii 
potato-tiiliei s III I othci platita Hi stites tint it w ih iii evniy tm 
the tulieis to lie lepiived A lesiatuia ly nietiib nt t\cptioinl 
eiiltmes to enalile the hieillas to levelup upon the { lUto hrom 
that ]ioinl ith viriilouie w is ineieaaed hy auccesMve cultu itioiix iqioti 
tiibois >f slight Iesist III e until vaiieties it hist highly lesistant ended 
hy liecomiiig iiiv uhd I y the pu iMte Ihe vnulcnie Iis pjaiied as 
soon IS the nii t ihi rased to lie cnltivtUal n i In mg tiilie nltinen 
III untntne silutioiis suiher 1 to suppiess thr vjititiide nl the p i vsite, 
vnd hencefoiwii 1 it ottid inly lie lest ic 1 ittei sjiociil pup nation 
in ilhahne sulutioiih 

/ /> f It in the ontiaiy tlomishe I in nutiitm media n 1 

even aftei in iny eultn itions eouhl it irlily I e ii i ul ited fi ini these cn 
to ])ieces of living turnip prorlucuig ill the itte ts if the lot iii diout 
twelve hums ciiltuieh lioth on nutiitive me in iiid on thr tin nip iNo 
lapnlly invaded the tissue of the pitatr Whethei theiefiit ith« 
my existence m i sapiophitic him n not it has evultiitly liecome 
Mtiongly cstalilisbed as i iMiaaiU itta kni,^ the tinnip n I piol il ly is 
not conhntd to the tuimp alone 

Wehmei has recently ittempted to show that Iwcteiu aie not 
]MraHitir in the ase of the wet lot (N issf lule) of the potato, and that 
then action IS only seeoiidaiy lie nnintanis thit Inetrin only ittaek 
dead oi unhealthy tissue that the w umtb tml moisture of the 1 imp 
ehamlais impair the health of the cells, uid infection is only }K)hsiI)le 
iindu coiiditiuiis which itndeis the tissues moihid 1 ho wet lot, 
Wohmer siys, liogins with v maceiatmi if the tissues laitwotu the 
sepaiatmg dead celN numeioiu small bubbles uc to lie seen iiid miibses 
of i small rod like sihi/orayceto Ihe initial stige is one if pectin 
feimentation, succeeded by cellulose teimentation With those 
proc oMo s aie aaaociated two special foims of Iiactoiia Wehmers 
desciiption of the lotting tissues agiees with my own, but he makes 
no mention of the en/yme nor of cultures of the hactena Hi« 
ronohwons that hacteiia aio not parasitic c omot bo accepted in view 
of the leolatiou of the special enzyme by l^auient ind myself, and ot 
my oxperunente proving the infectaon of sound, healthy tninips when 
growing nniler perfectly natural conditions 
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From iiiunoTOiu olwen'atiom in ,the fields, I have come to the 
conclusion that 1\ in always introduced at a wounded 

Hiniace Kxcopt in caws in which tho decay hat juticeeded to a krgo 
extent, the iwiiit from winch tho decay spreads is always indicated by 
a wound in the opidurmis and subjacent titsnes This observation is' 
siipiiorted by tho faihn o to infect suiuid i-oots excoi»t by first making 
a Biuall incisuin, ami fniui numerous trials it would appear that 
P. is pouerless to sot up decay unless placed in contact 

with the paienchynnKclls of tho cortex. Wounds caused liy various 
snails, slugh,aiid lai v.e, by which the Itacterinm could gain an entrance, 
are froquontl) to 1>e soon on tho roots, and I have no doubt the 
bacteria gain an easy eiitranco by this moans. That slugs can and do 
carry the various disoasc producing organisms has lieon shown by Smith 
in tho case of the cublNigo brown rot by /tiiiuJivnn /npcisfts and the 
larvie of yV«sci and of tho tomato brown rot hy tho larvr of 

the Colonidu beetle, (t Wagner’s expeiiments also conclusively prove 
that tho spoa‘s of vat ions jMUVksitit fungi tu'e very commonly distributed 
by snails. 

Bactcnal disease of tni in|is it much mure couiniun than is generally 
recognised, and the one now doscriiNxI is often veiy destructive to the 
Ciojis, not only in the hold but in store iliuing the winter. On 
examining numerous s|) 0 eiiuens sent me for investigation, I speedily 
found that what is generally known as ”fingoi and toe” or “ grub,” is 
by no means confined to hms^iav, but that many other 

organisms, oitkoi singly oi in lumbinatton, play a very important part 
in tho destnution of living tnrmps and swedes. Finger and toe is 
ov'erynhero so piovalont that in coiisideniig the nature of turnip 
attack it is often too hastdy assumed that PI. hmmiH is tho sole 
cause of the disease, and that the other eKects are merely secondary. In 
addition to 1>acteria and PI hnmUn, I have found the turnip and 
swede ci ups tt) 1« attacked by and also by Hiitijfli*, and it is 

prulxdde these do not exhaust the list of vegetable parasites for this 
crop, but fin ther research is necessary Iiefore it is possible to separate 
the various organisms and assign to each its lOh, 
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(hruui Dll Unmn Indltulioii ) 

DiiUiiiipei » Ml fiit.il H (lisetise of <l<i(pi, iiioto |Miti( iiUily ol siuli ,i8 
are highly bred, that u ntethixl ot piotentiiig iiiMtMoii Iiy the disoHae 
has ulwhys lieen a doHiderHtum. 

Am the result of iiivusttgationH into the Iwctortologj- of this disctise, 
carrieil out? in euntinuiuue ot those commeneutl in iny Inhoviitoiy at 
•8t, Thonmn’s Hospital almiit ten years ago liy the late Everett Millais, 
I fintl that the specitie mtcro-orgaiusm tuneernetl is a small cocco- 
hacilliis, whieh stains with the ontitmry aniline dyes, but is decolorised 
by the method of drain. It grows rmtiily on the surface of agar at 
body temperature; the individtud colonies when isolated by the method 
ot platCHinlture haidiig a greyish, glistening, semi-ti'anBliiceiit appear¬ 
ance by rettected light, and a Hght-brownhh tint by transmitted light. 
The general form is circular, but occasionally, and specially in primary 
growths, the edge is somewhat irregular. The microbe also grows well 
in beef-broth, causing at first a general turbidity. l»ater on, a deposit 
wU» to the bottom of the tube, and the supernatant liquid liecomes 
aomewhat dearer. In cover-gl^ preparations from liroth cultures 
^ bMOli are not tmfrequently found imited together to form chains, 
sometimes of considerable length. The liadlluB is capaWe of growing, 
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though tompiirHtively slonly, on sohdihef) hioodwiiun and dao m 
milk which does not become (oagidAted On potato it develops with 
diihcnlty, but now iiul tg tin aftei some ilayb nicnbation a moist- 
looking streak of a pale butt coloui may lie ulwened If gelatine be 
moeulateii giui^th occuio hlowly at the tempci itnru of the room, ind, 
aftei % time the meilnun temls to become bquehed 

Oiowth on agar ran le lairicd on week aftei week lor i gieat 
numliei of generations but iftcra lozeii lemoics or so its moipho 
Ingual ind biological chaiocteristics aie found to h ivo become bomo- 
what iltered An iccoimt it these \ iiiations ind of the {lathological 
histology of the disease I ptopose to publish sulisetpiently 

In similir fashion the p^ogenetic propoities of the micio-oiginism 
appear to become gi idiully weakened but by repeited inti i peritoneal 
inoculations in the giiineipig its viiuluice may lie legained 

The injection 1 oneatli the skin of the ilxlomen in a dog weighing 
7 kilos of 1 0 c of i 1 1 ith ciiltuie seven diys old deiivod in turn 
fnim an igai subcult ic inducol in ittack of ibstompci, which 
teiminited fatally in ihutaweek fiom the time of moeiilatioii In 
1 huge numlier of ithei <logs expenmeiited on by Millais or myself a 
generally nonfitil itU k has folloviid on inoculation of the nasal 
mucous memi rane 

bpecially chaiacteiisti oi the disease niteiiti >n illy picslueed is the 
fact that the uiimd e\hibit8 dming the attack i marked and pio- 
gressive loss of weight ()f othei symptoms if the malady so well 
known to all log bleeders those which ire usually most mai ked ue 
the lesult of moio oi loss a ute mflammition of the vaiious mucous 
surfaces 

On postmortem eximination I have geneially touiid the whole 
lespiratoiy ti act to be specially atteeted, the lungs sometimes showing 
pneimionic consobdation throughout almost their entire egtent The 
trachea is apt to be congested an I to contain a quantity of miicus^ 
while the eyes and nose ire blockeii with a puiiUent or miieo-puiulent 
discharge By making agar plate cnitii ations from the exudation from 
the lungs, from the ti icheal mucus, oi from the nasal secietion, the 
specific bacillus may be isolated—from the first two situations, often in 
fdmost pure culture 

ETanuning aiumals which have died ficon distemper, whether result¬ 
ing fiom experimental iiioeulation or contracted in the ordinal} fashion, 
I have uevu succeeded in obtaining eiilturcs eithei fiom the Uood 
(fiitained from the heart with aseptic piecautions, nr from the bver, the 
gallbladder, the kidney, or the spleen Pressure of other work lutoe 
jouuttg the Medical Staff of the I^oeal Government Board, has prai ented 
wy having the opportunity of examining even inoculated animals at 
ifl^nneduite stages of the disease in severe forms, or, doabtleas, it va^ 
ll jfP S been found poMjble to isolate the baallns from one or other ol 
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thew situtttioiis. Iti one iiistHucet in which the blood-vesselH of the 
brain were foiuid to be much congested, inoculntion of a tube of sloping 
agar with a large platinum loopful of cerebro-spinal fluid, well spread 
over the surface of the agar, resulted in the appearance of half a 
dozen isolated colonies of a pure cultnie of the distemper bacillus. 

By heating a broth ctdture of the luicillus at GO" C. for half an 
hour, and sulwequently adding a small quantity of carbolic acid as a 
presert'ative, a vaccine is obtiuned, which acts in similar fashion to 
those de\iBed by HufTkino and Wright for use in the prevention of 
plague and enteric fever respectively. The vaccine may lie standardised 
after the mannei originally suggested by Wright in connection with his 
work on enteiic fo\ei 

The dose must obviously vary according to the size of the dog, but, 
as a guide, it may lie mentioned that I have found, in throe instances, 
that the injection of 2 c.c of the sterilised culture of the bacillus is 
apparently sufficient to protect fox-teirier puppies weighing about 
kilos, against attack by distemper, u'hile an unprotected puppy in 
the same liatch contracted the disease on introduction of an affected 
d<^. I hud also that guinea-pigs can lie protected in this way against 
the effects of a dose of living culture, which would ordinarily prove 
fatal in aliout forty-eight hours. As regatds the e.Yuct length of time, 
however, during which such protective effect may last, no definite 
statement can as yet be made, but a series of tests on a large scale are 
in process of lioiug carried out by dog-breeders in this country, in 
Germany, and in Amenca 


“ On the Tempering ot Iron haixlened by (fveratram.’’* By Janis 
Mcir, B.Sc., B.A., Trinity College, ('anibndge, 1851 Exhibi¬ 
tion Kesearoh Scholai', Glasgow irniversity. Communicated 
by Professor EwiNG, ER.S. Beceiveil July 11,—Read De- 
oenilier 6,1900 

(Abstract.) 

It is well known that iron hardened by overstrain, foi example, by 
permanent stretching, may have its original properties restored again 
by annealing, that is, by heating it above a definite high temperatore 
and allowing it to cool slowly. Experiments describe in the paper, 
which this is an abstract, show, however, that if iron hardened by 
overstrain be raised to any temperature above 300' G., it may be 
partially scfftened iu a manner analogous to the ordinary tempering or 

* The work dcMribad in this paper i« s oonHaualion ot that almd) doMfibscl 
ia a papsF by the protrat author "On (he Beoorety of Iron fnoi Orentiain,* 
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‘ Icttiug down of 8ttd whi^h has been hartlenul by quenching fiom a 
te<l holt This tempering from a condition of hardness induced by 
overstrvui, unlike oiditmiy tompeiing, u ipplieable not only to steel, 
Imt hNo to wrought iron ind possibU to other matoiuls mhich can be 
hardened by oxers)run urd softenud by annealing 
The experiments deM.n1rod in the piper weio all (allied out on lods 
{ noil urd steel about ^ths of in inch in tbimeter ind 11 niebes long, 
the el islic indition of the maten d lieing nr ill c ises detemirned by 
meuib of teiiBioii tests in uhuh the hanlniSH of the matenal w is indi 
(ated by the pobition of the yield point Ihe straining was peifoimoil 
by me iiis of the lO-ton testing m ichiue of the Uambndge Engineering 
Jiaboi itoiy iiid Ibc small stiains of extension weio measuted by an 
exteiihometer of Professoi huiiigs design, which gave the extension on 
a 4 nieh length of the specimen to the 1/100,000th of in inch 
Foi the put pose of temper nig iiid innenhng, i gis furnace was 
employed 2 feet in length, the spocimenB being protected from diiect 
contact with the flame by inilosing them in a thick porcolnir tube 
The temperature uiside this tulie was determined by meins of i Cal 
lendar 8 dnect leading platinum resistance pyiometor 
The method of examining the materials employotl is illustrated by 
the following two diagiams, in which the m itenal examined is i \ inch 
lod of semi mild steel (0 35 per tent C 1 pei cent Mn)* &uve 
No 1 of the first diagram shows that this bteel when in the condition is 
supplied by the makets gave i well defined yield point it iborit 38 tons 
per sipiaio inch, the miteiiul yielding at that stiess by 0 13 of an inch 
on a 4 inch length 

Curve No 2 iHustiates the semi plastic state of the mateiial, pio- 
duced by put passing this pnmaiy yield point The specimen was 
laid aside for 1 j days, then once moie tested ind Cnno No 3 shows 
the progress made dunng this uitenal of rest tow irds recovery of 
elasticity Curve No 4 shows the condition of the overstiained 
matonal aftei it had lieen testing foi two weeks To insure peifect 
rocoxery of elasticity, the specimen was heated to 200° C, but a few 
minutes at the tempeiature of boiling water would have been nearly 
as effective in rostonng the eluticity lost by overstrain t 
After cooling, the specimen was tested by reloading and carefully 
increasing the load above its previous maximum amount tall a well 
defined yield point was obtained at 49 Unu per square inch, as shown 
by Curve No 6, the yield point having thus been raised by the large 
step of 11 tons per square inch The yielding which occoAvd at thu 

• Petail* ot the tpaetsl method adopted m plotting these disgnuni wiU be found 
mtbeaathoi'tpnnaimi]Mfer‘'OntheBeeover 7 of Inm from Orentrsin’■ Phil 
XUaa,' A, voL 198 1899, p IS, 
f/«i(f,p 28 
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yield-point whb the t>nme <ui nbtuinod in the fii'et test of the specimen, 
namely, 0*1 *1 of an inch on 4 inches. 

The material .iftcr this hecond overstrain vow once more in a semi- 
plastic state. .\ curve oht.iiiiofl immediately .ifter the overstrain 
would have 1)een similai to Curve Xo. *2, hut the loatliiiji; could have 
been coiitiiiiuKl up to 49 tuns {wi sqtutro inch. Had the loiuling been 
continued iKsyond this amount while the mateiial was in the semi- 
plastic state, large yielding would have taken place, .Did fr.utnro 

Diaokav 1. 


(Mr«l iM 'ii)>|>licil.} 



Curse 1. PriuiarytCkt | Ourte 4. 2 week* after I. 

„ 3 Hliortly after 1. I „ 5 Alter heating to 200 C. 

„ 3, I}d»y» 1- , 0- 


would have occurred at probalily a very slightly increased load. JKe- 
oovery of elasticity was, however, effected as before, by heating Uie 
specimen to about 200° C., and allowing it to cool. It was known as 
die result of earlier experimenu* that the yield-point of the matmial 
would be raised by this process through a second step of 11 tons, so 
that the specimen should not yield until a stress of 60 tons had beoi 
applied. 

Carve No. 6 of Diagram 1 shows that the specimen bore the stress 
ol 60 tonst but that with 60i^ tons per square inch, a yield-point and 
ffactore ooeurred. 

Diagram No. 2 shoe's that annealing altered in an interesting 
• /W,p.S*. ♦ 
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mHuner the elastic properties of the steel whose virgin properties are 
fllustratert by Diagram 1. The primar}' yield-point was considerably 
lowered by annealing, and the stop by which the yield-point was raised 
in consequence of overstrain and recovery from overetrain was con¬ 
siderably reduced. 

The material in the comlition as supplied }delded (as is illustrated 
by Diagram 1) at 38 tons per square inch, and after the yield-point 
hi^ been raised by im steps of 11 tons, fracture occurred at 60^ tons 
per square inch. The same steel, after annealing at 760° C., is shown 


Diaobam 2. 

(StMl annealed at 760^ 0.) 



£xC»n9ion3. af^Jnoh X-LJ 


Ounre 1. Primary teat. Onrre 6. After heating to 800° 0. 

„ 2. Shortly after 1. „ 6. „ „ 

„ 8. If days „ 1. « 7. „ „ „ 

„ 4. 8 week* „ 1. „ 8. „ „ „ 

by Diagram 2 to have yielded at 29 tons per square inch, and finally 
to have fractured at 59^ tons per square inch, after the yield-point had 
been raised fmr times by a step of about 7^ tons per square inch. 
The f-inch steel rod when in the condition as supplied by the makers 
was dius shown to be in a state oi hardness possessing certain dis¬ 
tinctive properties. 

It was found that the steel in the condition as sup|died could be 
tMoqiered or partially annealed by heating to various temperatures 
lower than the ofdlnaiy annealing temperature of about 760* C. 

Hw following table illustrates this tempering from the condition as 
supplied, the material being a rod of ited very similar to that referred 
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txi Jibove. The •• utepH ” tdbiilat«l in the hiot oolnmu are the amounta 
by which the yiekl-pointa were raised in consequence of overatrain and 
I'etovcry from overatrain • 


Coiiilitiuii 111 tin- 
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„ 7Hil .. .... 


0 " '111 ou I ilirliot 
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In order to ahow the leiupeinig of atcel haiilciKal by tcimilo oier- 
strain, n specimen of annealed atcel was oxethtraincil in a ni.iimer 
aualogoiM to that illiutiated by Cnrxea 1, 3, and 0 of Diagium 2. 
The material, after lecoveiy fiom weratiani, hml thiw l«en bmnght 
into a condition of hanliiowt, which enabled the hpecimen to Iw hauled 
to 50 tons per aquain inch without a yield-jauiit being I’uached. The 
specimen waa then snlijecteil to a aencii ot teaU after lining heatetl 
sncceadvely to vuriona teniporatuie», the iiwult lieing to ahow that 
310' C. proiUicod no softening of the material, :<(>0' C. lowered the 
yield-point to 47 tons; 300,600’, and 700 V. lowered the yiold-^Kiint 
to about 40, 35, and 30 tons per square inch i espectivoly. 

It was further shown that the Muue temperature brought the yield- 
point to approximately the same stress, no matter what might lie the 
original hardness of the specimen under test, and that the harder the 
material was mode by tensile overatrain--that is, the higher the yield- 
point WAS raised by permanent stretching- the lower whs the tempera¬ 
ture which could be shown to produce a slight tempering effect. Thus 
in the above instance had the material lieen made harder (by fiuthor 
overstraining) than was shown by the chistic laiige of from zero to 
30 tons per square inch, then possibly the temperature of 310' C. 
would have produced a slight softening of the hardened material ; a 
temperature of about 300' C. was, however, found to lie the miiiimiun 
temperature which had a tempering effect on the hardest condition of 
steel tested. 

The tempering offecte which have been ascnlmd above solely to tem¬ 
perature, were fouud to be influenced to some extent by time. Thus 
it was found that by baldiig a hardened specimen for several hours at 
any temperature a gi’eater effect was pruduoeil than by simply raising 
the specimen for a few minutes to that temperature. The effect of 
time was, however, small comparcil with that produced by increase oi 
temperature. 

VOL. ijcvii. 3 r. 







4^)C) Proetfdingt 

All the Kwiiltb which nro deHcrihed nliove for Htool wero nhio ohtHiiied 
with Lowmoor iron. The hanlening by overntrain hnd the tempering 
of soft Low moor iion only differed in dotnil from the uiialogotu harden¬ 
ing and tempotiiig of steel 

The iron and steel eraployo«l in this research were also examined, 
when in various loinlitions of hardness, hy means of tlie microscope, 
and micro-photographs are lepnslucwl in the paper. The ordiimry 
methods of relief ]X)lishing and of etching In dilute nitric uddw'ere 
employed, and a new method of staining steel, hy ruhhing with ordi¬ 
nary moistened c(so.i, was nuute use of and is dcsriilicd in the pupoi. 


Jhrrnilift 13, 1900 

Sir WILLIAM HUGGINS, KC.B., D.C.L . IVosidcnt, in the Chair. 

A List of the Piosenta received was laid on the table, and thanks 
oidcied for them. 

In pursuance of notice sent to the Fellows, an election was hold to 
fill the vacancy uixm the Council caiiscsl the lotiiemontof Sir »lohn 
Wolfe Barry. 

The Statutes relating to the ulcetion of the Cuuneil, and the statute 
rebiting to the election of a Memlwr of Council upon the occurrence <rf 
a vacancy, wore read, and Professor Dewui and Mr. Godmaii having 
been, with the consent of the Society, nominated scrutators, the votes 
of the Fellows jmseiit wore taken ami Mr. .loseph Wilson Swan was 
docbired duly elected. 

The President made the following statement concerning the Inter¬ 
national Catalogue of Scientific Literature:— 

“ As stated in the Report of Council presented to the Society at the 
Annii cisary Meeting, the President and Coiuicil offered to become the 
Publishers of the proposed lutemational Catalogue, on behalf of the 
International Coiuicil, and to advance the capital sum needed to start 
the enterprise. 

“I have now the pleasiure of announcing that the International 
Council of the Catalogue, which met yesterday aud to^ay in the rooms 
of the Sodety, has accepted the offers of the Royal Soi^ty, and that 
this great undertaking, wdiioh has for several years engaged ^ earnest 
attention and demanded the continued labours of the Royal Society, as 
well os oi other scientific bodies abroad and in this country, is now well 
on its way. The International Council has Ifdd down all the neceesacy 
regulations, and prepared all the neceesary instructions, for carrying^ 



0 » thr SjtectruM of the wore Volatile Oatex of Air. 487 

out the tftsk of collecting itnd editing, and it only remains for thoie 
who are taking part in the preimration of the Catidogue, to do their 
best to secure that the Catalogue shall fulfil the hopes which hare 
l)ee]i raised. 

“It gives niu great pleanure to make this annonncenient in the 
presence of several of oiw foieign brethieii, whoso cooperation has 
tended so much to the success of the oiiteq)ri«ie" 

The fi>Ili>\iing Papers uero read-— 

I ‘-On the iSiKJctrum of the Vol.itilc* (wsc*s of Atmospheric 

Ail. which aie not Condensed at the TemiK-iutmv of Liquid 
Hydiogen. I’lclimiimrj-Notice ” Ih Piofessfn S 1). LiVKlNC, 
F ll.S, and Pi-ofessoi Jameh 1)i:\v vn. F If S 

II. “ Additional Notes on Bonldeih and other Ifock S|)eeiniuiis from 
the Nowlands Itiamund Mines, (4iii|U.d.ind West.” By Pro- 
fessoi T (I Bonnkv, F.l{.S- 

III. “The Distribution of Voitebrate Anini.dM in India, Ceylon, and 

Burma ” By \V. T. Bi.AM-xiitn, LLD. F If.S 

IV. “ Elastic Solids at Host or in Motion in u I.iquid ” Bv C. CUUKK, 

F.RS. 

The Society adjourned over the Chiistmas Itocess to Thiirsciay, 
January 17. 1901. 


'* On the Spectnuu of tin* mote Volatile (iuse.s of Atuioephcric 
Air, which awe not Condeused at tin* Teuiperutun* of Uqiiid 
Hj'drogeii.—Ppeliuiinarj- Notice.” By S. D. Livkino, M.A., 

J)..Sc., F.II.S., Professor of Chemistry, Univereity of Cam¬ 
bridge, and James Dewak, M.A., LLD., F.B.S., Fullorian 
Professor of Chemistry, l{o)'nl Tnatitiition, London. Jieoenwl 
November 15,—Read Decemliev l.'l, 1900 

In Augiut last some tubes wore filled at low pressure by au im¬ 
proved process with the more volatile gases of the atmosphere.* The 
air was liquefied directly from that aliovo the roof of the Royal 
Institution by contact at atmosphwic pressmo with the walls of a 
vessel cooled lielow - 200° C. 'Blien aliont 200 c.c. of liquid had 

* In tbu pspsr we detaribe rMenrobr* in contimution of those prerioiuly oom- 
miniasled to the Sooisty by one of us, in a psper entitled “ AppUostion of Liquid 
Rydrogon to the Production of High Vseus, together with their apeetrotoiqpfe 
JtSsmiiMrion,'’ ‘ Boy. Boe. Pioe.,' nil. 6S, p. 231. 


2 
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eoiKliMiMsd, cunimuuicatioii with the unter tur wuh closed by a etop- 
cook. Subsequently, communication was opened, through another 
stop-cuck, with a second vessel cooleilby immersion in liquid hydrogen, 
and a part of the liquid from the first \ essel, maiiitainod at ~ 210'', 
was allowed to distil into the s(>cnnd htill colder vessel. When alsmt 
10 e.c. had condensed in the solid form in the seiond vessel, ctmimuiii- 
cation with the first vessel was cut,off, and a ni,iiinmoter showisl a 
presBiu'e of gas of about 10 to 15 mm. of mercury. 

This mixture of giwes was passed into tulies previously cxhaiutcd by 
a mercury pump, but lioforc reaching the tubes it harl to pass through 
a D-tulie nnmened in liquid hydrogen so as to condense less volatile 
gases, such as argon, nitrogen, oxygon, or carlioiiic oxide, which might 
be carried along by those more volatile. Prevnous tiials with tiilaM filled 
ill the same way, except that the U-tiilio in liquid hydrogen w'as omittwl, 
showed that these tulios contained traces of nitrogen, argon, and com¬ 
pounds of cariion. The tubes filled with gas which had |iusse<l through 
the IJ-tulie showed on spirkuig no spectrum of any of these last- 
meiitioiiod gases, but showed the spectni of hydrogen, helium, and 
neon brilliantly, as well as a groat many less brilliant rays of unknown 
origin. In addition, they showed at first the brightest rays of mercury, 
derived, no doubt, from the mercury piunp by which they had been 
exhausted liefore the admission of the gases from the litpiefied air. 
After some sparking the mercury rays disappoareil, probably in ennse- 
quonco of ahsoi'ptioii of the mercury by the electnslos, which were of 
lUuminium. 

Ill one experiment the mixture of gases in the second vessel, into 
which a fraction of the liquefied air was distillod as almve descrilieil, 
was pumped out without lieing passed thiough the U-tulic iu liquid 
hydrogen and examined. This mixture w'as found to eontain 4.3 per 
cent, of hyilrogen, 6 per cent, of oxygon, and 61 per cent of other 
gases—nitrogen, argon, neon, helium, &c.—aiul it was explosive when 
mixed with more oxygen. This shows conclusively that hydrogen 
ill sensible proportion exists in the earth’s atmosphere, and if the oarfb 
cannot retain hydrogen or originate it, then there must be a continued 
accession of hydrogen to the aUnosphere (from interplanetary space), 
and we can Wnlly resist the conclusion that a similar transfer of 
other gases also must take place. The tubes containing the residue of 
atmospheric gases uncoiidensed at the temperature of liquid hydrogen 
wo have examined spectroscopically. 

On passing eleotrio dischai^ges through them, without any condenser 
in the circuit, they glow with a bright orange light, not only in the 
otqiillaiy part, but also at the poles, and at the negative pole in 
particular. The ipeotnieci^ shows that this light oonsists in the 
vridlde )Mrt of thd spectrum chiefly of a succession of strong rays in 
the red, orange, and yellow, attributed to hydrogen, helium, and neon. 
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disti ibutifl through the whole length ot the vihililu spoctnim. TTiey 
wre oIhciiioiI in the iiieettuni of the cHpillHry pnrt of the tnlie by the 
gnwter stiength of the <*(homcI iixietntiu of hychogen, but are easily 
seen in the H|iectnun ot the negatne ]iole, which does not include the 
second speetriini of hydiogen, oi onh faint traces of it. Putting a 
Levden jai in the (iitiut, while it mote ot less completely obliterates 
the second s|XM-tmiii of hydiogen. also has a •emilar efleet on the 
gru.itoi jiHit oi these othei r.iys of, ns \et, iinknouii origin, 'fhe 
violet and iiltrii-Molet ]jait of the H|K‘ctruni seems to rival in strength 
that of the Msl and yellow t.ivs, if we ni.iv judge of it liy the intensity 
of Its impressions on photogiaphu plates. W’e were suiTiriRod to find 
how vivid thesi‘ impressions me up to a wave-length :114, notwith¬ 
standing the o]iacitv ot gl.tss toi rays in that part of the spectrum. 
The photographs wine taken with a quarts enlcite tr.ini, but the rays 
had to pHSH thniiigh the glasa of the tnlio containing the gases. 

We have made appioxiiimte iiieasinemunts of the wave-lengths oi all 
the lays which aiv suihciently strong to l»e seen easily oi photographed 
with an exposine of thntv imniites, .md give a list of them IhjIow. 
These wave-lengths aie toiupnted to Rowland’s male, and woredeiliweil 
fiom the deviations pivsiiiced bv two prisiu*. oi white flint glass for the 
visible, and oi ealcitc for the inv udble, i ayx. 'J'he wav e-loiigths assigned 
to the helium linos are those given by Hiinge and Pascheii, atul some 
of these lines were nseil as hues of rofeienee In general, the iron 
spark sjjeetinm was tlie standard ot leferoiiee, 

Tlie tiils's when hist e\amiiio«t showed the lines of the hist spectnua 
of hydrogen vividly, and the earlier photographs of the spectrum of 
the negative polo contained not only the violet lines of hydrogen, Isit 
also the ultra-violet senes as fai up as X ;i77. In order to get impi-os- 
edoiis of the fanitor ravs. e\]HMuros of halt an hour or more were 
required, and a succession of photogniphs had to lie taken so us to get 
diSci'eiit sections of the spectnnn into the middle of the Held, where 
measurement of the deviations would not lie impeded by the ilouhle 
refraction of the calc spar. As the light of the negative pole only was 
required, the electric discharge was made eontinuously in one direction 
only, with the result that the hydrogen lines grew fiunter in each 
successive photograph, and soon disappeared altogether. Along with 
the ultra-violet rays, the less rdraiigiblo rajrs of hydrogen also dis- 
uppeai-ed, so that no tnico of the C or f lino could I« som, nor yet of 
the seeoml spectrum, so long as the current passed iu the same diroe- 
tion as liefore. Reversal of the ourrotit soon made the V line show 
Again, so that it seems that the whole the hydn^ii was driven by 
the current to the positive polo. The conditions under w'hieb this 
nltm-violet series shows itself are a matter of interest. It iqipears 
here in the midst of a brilliant spectrum duo to gases other than 
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hydroguii, ami yet it is \ciy ditHmlt to obtain a })hotok{iaph of it when 
no gH8 but hyih-ogeu is known to be prewnt, or, at leaat, to U-eunie 
Innuiioiu 111 the eleetnc iliHchtnge 

Wo ha\e had an ojipoitniiitv ol coiii|Mnng the ipotiiiini of the 
volatilu rcHidne of air witli that of the more \oI.itile pait ot gai fiom 
the Bath apniig. The tutic did not admit of the Hep<iratu examination 
of the light from the negative polo, but waa exanitne<I end-on, >90 that 
the radiation probidilv intliideil rayi emitted from the neighlHiiuhooil 
of the negative pole. The whole ot the hydiogen had bwn ivimood 
from the Bath gas, but not ail the atgon. In the opeetinm of this gaa 
the raya of helium are <loniinant, decidmlly utroiiger than those of 
neon, although the latun .uc \eiy bright. In the aiieetnim of the 
lUHidue of .itmuophei 1 C air, the prupoition of hclmm to neon Aoeme 
revemed, toi in thn, the yellow noon hue la ae much more brilliant than 
the yellow helium line .-e, the latter la the more brilliant in the spectrum 
of Bath gae. All the piominent Imea in the spectnmi ot the volatile 
lenidiie of Bath giu were ali>u 111 that ot the leeidne ot atmofcpherie 
air, except theargon linet*. Thoi'o were, on the other hand, many lines 
in the latter nut tiaceable in the former, Mime of them lather I'Uii- 
epionoiu, such aa the my at alamt X 4(i64. It is, of course, probable 
that such rays are the outcome of some matenal not contained in the 
Bath gas. A lery cunspiciioiu pair of lines appears in photograplu of 
the spectrum of the air residue, at alioatX :1587, which is not traceable 
111 the spoctnini of Bath gas. The helium bne, \ .3.'>H7‘-l, is seen in the 
latter spectrum, but is quite olwicureil in the lurmor spectrum by the 
great intensity of the now pair. This heliiun ray is really .1 close 
double, with the leas I'efraiigible rompoiioiit much the weaker of the 
two, but the now pair are wider H)iart, and ot nearly equal intensities; 
this character idao distinguishes them from the strong argon line at 
A 3&8H'6. They are, however, very much more intense at the negative 
pole than in the capillary, and it will rei]iiire a goo<l deal more study 
to determine whether these rays, and many others which we have not 
tabulated, are flue to the peculiarity of the stimulus at the negative 
pole, or to the preseiioe of a previously luirecogiiised material. 

As our mixture of gases probably includes some of all such gases as 
pervade interplanetary and interstellar space, we early looked in their 
spectra for the prominent nebular, cocon^, ami auroral rays. Search¬ 
ing the spectnim alxuit A 5007 no iniUration at any my of about that 
wave-length was visible in the spectmm of luiy one of the three tubes 
which had been liUoil as alwve ilescrihod. Turmng to the other green 
n^mkr line at about A 4959, we found a weak mther diffttse line to 
wldch our first measure asd^iieil a wave-length 4958. The correctness 
oi this wave-length was subsequently veritleil by measuring with a 
mteroBtetor eye-piece the cUstances of the line from the helium lines 
and A 5015*7 which were in the field of view at the some 
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time. The poeition of the lino whs alraosb idonticHl with that of the 
iron apirk line X-1957*8, and the coiicinsion ariivcd at was that the 
wave-length wah a little less than 4938, and that it could not Ije the 
nelnilar line. There remained the ultia-violet line X 3727. Our 
photographs showed a rather strong line very ulose to the iron spurk 
lino X ;i727‘8, lint ftlightly more refrangible. As the line is a tolerably 
strong one, it eoiihl la* plioto^'aphod with a grating speetmgraph 
along with the iron lines. This was done, .ind the wave-length 
dedneed li-oni measining the ]ihotogr.ip1i was 17 27 '4. This is too 
large liy an .inimint whn h nmsideiably eveeeils the pi’oliable errois* „£ 
observation, and we aix* torccsl to euiiLliide that the nebular niatenal is 
either alwent fisini onr tiila's, oi does not show itself under the rroat- 
nieiit to which it has lieen subjected. 

.Mthough the il'skIii.iI gases of the atmospheiu uiuondensed .it the 
teniperatuio of Inpiid hyihogen do not show the nebular lines, we 
found that anotliei tulie gave a ray \ury close indeed to the priiiciiial 
green iiebulai lay This tiilie had lioon tilieil with gas prepared in ihe 
same way as the otheK, with the CMcptioii that, in pissing fniin the 
vcsritel into whidi the fiistfiaction of liquid an was distilled, it was not 
puuteil through a 1' tulie iiunieised In hi|ind hydiogeii on its way to 
the exhausted tnlw In consequence it tontaiiieil trai^es of nitrogen 
and argon, <in<l when spiikwl ahowoil the spectia of these elements as 
well as those of hyilrogcn, helium, \'e. The mtiogen s^icetrum dis- 
appoaroil after some spaiking, but the tulw still shows lays of argon 
as well as those of the ganos iii the othoi tulws. On examining 
the spectiaini of the negatho fwle in the neigh lain rheas I of tite pifn- 
cipal nebular green ray, a woak ray was seen iii addition to those given 
by the other tulies It was found by eoiniiaiisoii with the intiogeu 
rays X .')002'7 and X .iQOo 7 to lie a little leiw refrangible than the 
latter of these rays, and by ineaMuniig its distam-u from the nitrogen 
rays and from the two helimu rays X 49’2’2‘1 and X 5016*7 with a 
miorometer eye-piece, the wave-length X .’>007*7 for the new my was 
(lediicoil. This kaiks as if we might find the sniistaiiee which is 
luminous m nebula* to Iw really present in the oaith’s atmosphore, 
and we hope shortly to lie able to xerify the olmervation of it. 

Turning to the coi oiial rays, our tubes emit a woak ray at aliuut 
X 5304. This is not far from the wave-length X r>:i0.S'7 assigned by8ir 
N. Lockyer to the green coronal ray. It is, however, greater than 
that assigned by Campliell, namely, 5303"26.* Other lines observed 
by us near the plaoes of coronal linos are at wave-lengths about 4087, 
4670, 4368, 4323, 4232, 4220, 3986, 3800. These am all weak lines 
except that at X 4232, which is of tolerable strength, and -that at 
X 4220, which is rather a strong line. The wave-length 4323, 4232, 
4220, and 3800 come very close to those aisignotl to coronal rays, but 
• ‘ Astroph. J.,’ toL 10, p. 190. 
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tk(‘others huidly umio within the limitH of piolMhlu euot. The ray 
4220 Beemo ton stioiig in |jro[iortiun to the nthuit). hut the strength of 
that at 4232 seems to atcord wdth the Htreiigth of the corroBiiOuding 
rH\ ill the eoiomi It uiU Iw s(>eii tliiit the rn\B we enumerate aliove 
contisjioud aiipioMiiiateIx to the stioiigei ihx> hi Sir N. JiOckyoi'’« 
list* Furthei moasuies ot the waxedeiigths ot the faint lines are 
needed liefoie we tan bus ilehmtely whcthei or no we hax'e in oui 
tultes a suhstanee pMMliieing the eomiial lays, or some ot them. 

As to the auroral lavs. we haxe not seen any i-ay in the sjioctmni 
of out tultCM neai A rm?! •*>, the gieon aniftml ra;i. We Imre oliserxed 
two weak raj’s at A 420G .iml A 4108 whieh may possihlx. one oi Imth, 
rejiiosent the aiiroial i.ij A 420 The xoiy strong laj’ ot argon, 
A 4200‘8. would make it piohahle that iiigoii W'a> the oi'igiii of this 
aiiioial ray, if the otliei, eqiiallvstrong, argon rayB in the same region 
of the s^Hietriuii weie not ahsent from the aiiioia Nor hare wro 
found in the speitium ot our tidies aiij' hue wdth the w'avc-length 
391 •*>, w hit'll IS that ot anothei Htiong amoral line On the other 
hand it seems piohahle that the strong amoral line A 358 maj' lie due 
t<i the matenal wlneli gixes us the xerj'remaikahle pair of lines at 
alKiut the phu e ot X of the solai Bpoctrum, A 3587, which are very 
strong III the sia'ctiuiii ot the nogatire pole, hut only faint in that of 
the cupillaiy isnt of our tidies. It may w’oll he that the auroral ilis- 
chaige IS analogous to that nlanit the iiegatne [x>le. We hate alao a 
fairlj stiong raj' at A .'ITUO, which tiiuj' he eomiNircrl to the lemauiing 
Htiong ray oliHt>ne<l in the aurora A 370U. This, howexer, is a raj’ 
winch is emitted from the tapillaij' jiart of our tula» as w ell as fi-om 
the iiegatix-e |Kile, and is, riiorouxer, omitted hy Bath gas, anil may very 
likely lie a neon laj. 

We hope to fHuwie the iiixestigatroii of this mteivatiiig spectnun, 
and if iKMwihle to sort out the rays w’hich may lie ascrilieil to Huls 
Btanees such lieoii and those which are due to one or more other 
Hiilistarices. The gas from flath, oxenif pnniHrilj'doiixerl from the 
atmosphere -which is hy no moans sure—seemB to hax’O undergone 
some sifting which has affectwl the relative proportions of helium and 
noon, and a nioro thorough comparison of its spoctnun with that of 
the residual atmosphoiic gases may prolmhlj’ lead to somoslisentanglo- 
nicnt of the rays wrhich originate from different materials. 'Hie 
arrangement of the myn in series, if that could lie done, would lie a 
step in the same direction. 

We are indehted tu Mi'. Boliert Lenno.\‘, F.C.S., for the great help 
he gave tu in the complicated manipulation with liquid hydre^n 
required to fill the spectral tubes, and to Mr. J. W. Heath, F.C.S,, for 
kind assistance. 


‘ Bo>. Boo. ProoV wd. 06, p. Ipl. 
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Ltrf of Apiirrmtimlf Jrnre-Jrufffhx of tin flaitit, T‘\>>ilile amf Ulfia-^vialet, 
obxriretl iiinmt fht Sumtir* Pvli. 

Thu tiivH oi hyrlru^eii uiiii huliiuu, mul thoeu Httiibiited to neon by 
othei oltseivois, me iiidieaUsl by the ehenneui symbols of those sub- 
BtaiiiUH; — 

A “ b ” pioh\oil to the number oxpicasing the wu\o-lungtb iiubuates 
that the ray is emitted by gas from the ihitli sjitnig as well as by that 
obtained fnim the utmosphciv 

A “e” himilarly piefixwl iiidiiutos tb.it the i.iy has lieon nliserxcd 
to lie emitted fconi the eapillmx p.iit <ii the tuU> .is well as from aliout 
the negatit e ^sile 

A “ w ” indieatos a weak line. “ s ” .1 stioiig one, “d” a diflfim 
one , “ \ w ” .1 t cry w eak : and “ \ s ’ .1 m*i j st 1 oiig one 
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“ Ail(ljt]i))),il XiiteH on llunlileiM .dhI oiliei Jlix-k S^HM-iiiieiis fnna 
flu* Nt'wlaml'- l)i.uiii>Ti<l We-st.” r»y T. (^. 

I’ONNKY, D.Si-., LLl), KI 1 .S., I’rotV'ssorot Univeraity 

Collego, Lmdon Itweivod Xowmliev 2f,—Uoail Dtjoeiiiber 

i;i, 1900. 

'Fho inviisitiii of (ti-iiiiutl.uui .it the liojtiiuuiig ot ihe whi with the 
TmiwvHHl mill Fitn; State, put .1 htoj*, toi .1 time, to voikiii^ the \ew- 
IhiuIh Dmnioixl Mines niteieiiting >i|iciiiueii'» fioin w-liieh wero 
hrunght to the iiotioe ot the Itoy.il S<a-iet>, on .Inne 1st, in l.wt year.* 
Bat shortly licfore the hnrneil <le)i.utuu‘ ot the employes, .mother 
Bmall oollcrtion hml Ixsen ilespau-heil to Mr. (4. Ti nlH'nli.ieh, the 
Managing Ihreetoi in l.oiiiloii, whhh he ihoweil to me, e.irly m the 
present yeai, most kinilly pliuing the new sjiei miens .it niy ilisposal tor 
study. Some ivpreseiitcd iMittlders, some the dianiaiititeroiiH hieceia, 
jMipulavly riillisl “iiiuj, ^isnuid, ’ in whnh these iMrur. some the 

eouutry .nx-k. ’ The fit st, though (so t.ii .is ran lie seen) without 
lUamomU, iiicludo at least four lulditioiial spccieK of itick; the setond 
throw a little more light on the |i««t hintoiy ot the nwtnv. Monsuer, 
they come from a now set of workingH to the nui th-t>H>il ot the former, 
wheie a shaft has Ix'on sunk, and gallcncn drnen .it a depth of about 
46.') feet. Apparently two “pipes’' are tonneeted by .1 narrow fissure 
tillod with breccia t So I hare ventimsl Ut comninnicato the lesnlt of 
my investigations to the Royal Society, including with them a 
note on a i-osidue obtained by Sii William Cnxikes, K H.S., after dis¬ 
solving away almost the whole of a small Iragment of the remarkalilo 
diamaiitiferuiis eclogite which w,v» doKnlxsl in .June, 1899. 

(1 ) The IMdns. 

(a.) Of these one is iiulely semi-oval in lauline, measuring alsmt 
3^ inches in greatest length and biewlth, and 1^ inch thick, lx>ing 
probably a jiiece broken fiom an ellipsoidal iiebble. The rock is holo- 
crystalline, eomiMwoil chiefly of a pyroxene resembling Iwstite and of 
olivine, eonvertwl on the oldei-looking sui fact's into .1 pale-green 
sorpentinoiis matonal. KxamiiiHtion of a thin slice shows the lock to 
consist mainly of olivine, which exhibits incipient serpentinisation 
along cracks in the usual niaiuier, and of a very pale brownish-green 
iNutite, vrith one close cleat age; and possibly one nr two small grains 
of a monoclinic pyroxene; spinel, and ex eii original iron oxitle, lieing 
apparently absent. Specific giavity, .3-074. 

* ' Boy. Boe, Proe,,' xul. 66, p. ifSS. 

t The prsrise dsptli at wfaioli the speciineiit wen obtained atnnot be given, as 
tlie label* beeasM illegible in the hurried traukit. 
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(li.) Another «pe(.imuii, iipikireiith .ilioiit half of iifiiiilj well-worn 
iMdihU'i, iM not quite no Urjje TTuiloi the jiiicioHeopo it found to lie 
jiriieticnlly identieid in comjxiKitioii, hut a little nioie sei pcntinised ; a 
dear iHotropic inineral sometimeh foinini^ a Ixirdei to the eiiitiitite. 
The pivsenee of iinv original guiiiis of non oxide is donhtful, hut one 
oi two of aiigite can lie leeoginseil Both sjieciiiienM, howeiei, may lie 
named Saxonites, 

(i ) Not \efy inuih worn, and lathei tiiaiignlai in shafw. .ilxmt 

.‘J iiiihea hv I inch, and aliuut 0 6 inch thick, consisting appirentU of 

gai net, tw o pyroxenes ,Old ]ieihaps olnine. Microscopic examin.ition 
shows oIiMiie, almost wholh conceited into sei|ientinc, enstitite jvii ti 
all\ (hangoil to aiiothei (the iisiud) c<niet> of the luime luineial, 
chi (line (hopaide, a little coIouiIcsk aiigite, with a diallngic hahit, and 
pyi ope (two specimens) As the last-iiaiiied mineral is not ahiindant, 
the lock IS more noaily lelated to theLlieixoIites than to the Hulysites, 
and so may lie named a giaimtiteious Lheitiolite 

{if.) A roundish fl.it slali .ihout .T.'i x 2*r» x 0‘6 inches, (oiitaining 

ml garnets, enstatite, and .i hiight green pyrosene .Micioscopu 

exHininution show’s olidiie, )Mitl\ coinei ted into a dull jolhmish-grocii 
seiiM'iitnio, chrome diopside, some enstatite, now .iltoied to a serpen¬ 
tine, the colour auggCHtiiig that it is chiomiteioiu., and pjeojK? (not 
nhundaiit) A little pale hrown mica, jirolwMy secondary, oceiii’s 
alHiut the garnets and the dio]»sido, in one case occupying a crack. 
The isxk lielongs to the granatifeioiie |x*iidotitcs. and though it loii- 
tains less enstatite than the hist one, may also lieregaidcd as a laiiety 
of lilieriiolite 

(/ ) The next ij{)ccinien is endently a fragment, the angles and 
edges of which haco licon siighth worn, as if liy water. It moasuree 
alxmt .Ij hy .'1 inches, ami inch in thickne»s The isick in the 
fresher jiart consists of pyrojK’. and two niiner.ds ofsa diill-grouii 
colour, hut aliout halt of one siirf.ice is affected hy decomposition, 
which has penetrated to a de|ith of alamt J inch iloie one of the 
jiyroxenic mineials appeals to lie a jmlc-coloiirod liastite with the usual 
metallic- liisti-o ; the other of a Inightei green tint. Pixamination with 
the microscope shows the following minerals -{1) Olivine in various 
stages of coiiversioii into serpentine j some grains jieing ti-aversed 
as usiud lu very pule-grccii strings of the latter mineral, others 
completely changed into it, and of a yolloivish or hrownish colour; 
minute iLu-k-brown needles arc sometimes present (1 rutile). (2) Bas- 
tito with a w’cll-devclopcd piitacuidal cleavage, sometimes partially or 
even wholly converted into a fihioiu material, which with transniitted 
light is a rather rich green coluni, the usual small browu uegatire 
crystals being developed in sonic grains (3) A lerj’ pale sea-green 
aiigite, proliably a chrome diopside. (4) Pyrope ; the grains having a 
kelyjdiite rim and showing incipient minond cbiugc along the craeks. 
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Vh one 01 two gianm with i gtiiu U i < scnihliuice to the luutitc appeal 
to gi\r til oblique cvtiiictioii, t thud pytovciic nuty lie picwiit m 
\ciy Atiiall (lUHiititKs Mic i » w mting w ui oiigiiial coiiatitneiit, and 
TiioBt of the lion ixide ii hetmdit^ but one giain may lie piimaiy 
Ihe atiiRture of the lock ii> giaiiiikt, iio constituent fx-iitg uho- 
11101 phic hence the ordei of coitRolidatiou cuinot Iio deteiimued with 
iiitaintj but I iiithue to placing the ohvino, which is shghtly the 

nio^t ibiindMitt mineial, fust, mil the garnet, which n shghtly the 

least so, list rhe lock is distiiigiushed fiom oubiiiiy Liilysite by the 
pi esenie of a fan imonnt < f an east itite I nt is this does not nidic ite 
itiy impoitaut diffoieme in ehtnn d oinposition, I piefer i dinig it 
hiiistatite hlilysite to Ijiii deiiing peti jI jgy w ith a new name 

(f) Ihis apocimeit hasaiiide lesciiibluiee to in oieii bottom loaf, 
metsniing full lb niches in tiv > diiections it light ingles on the 

e'luved surface the flat side I eiiig piolmbly the lesiilt of a fi ictme, 

ap{kuentl> prodiicul iftei m< st of the louiuhng hail lieeii done The 
lock IS holociystdlbne, its piiiiiipd tonstitiienta Uing dull red giiiieta 
and green pyroxf lies Ihefonuti hui then outer sin face worn smooth 
iiid flat, the lattei i \iiy slightly cotioded one The lock is macio- 
Mtopically identical with the iclogite desciilitd in the last pipei,Hnd 
It proves to be composul of pyropc and chiome dinpside with 
iKCasionally a few fibies of scconilmy boinblende, no gram eithei of 
ohvine oi iron oxide ocoiiinng in the shee 

(/) rhis specimen is a iude1> tiiix/oilil bloek with lonnded 
eilges uid coinois, mounuing aWiit J' inches eieh wi}, ippaiently 
la^ei watei worn, cunsistiiig of soniewhit lonnded eiystikof gieemsb 
pyroYuie over an inch in length, in i mitn\ of i mmilar mmenil and 
telspai Specific gi ivity, 1123 On eMnunatiuii with the mieioHeope, 
the laigor grams piove to lie genu illy diallagc, i font seigiecn in 
eoloui, with i close puiacoidal cleavage, often made iiioie distmet by 
the deposit of a little opamte or foi nte Small bi own in gative ei y stals 
are fiequeiit^ one of ^en longer eilgu. l>nig pii illel with an avis of 
elasticity This Diiiioral is alteied locally into i pleochiuo hornblende 
(chan gin g from a 1 iw to a burnt nnibei tint; Ihe diall ige is some 
times bcndoied by, and near its edges oecaaionally enclosts, small giouu 
of a slightly hi owner and more pleuchroic mnieral, extinguishiug 
parallel with its principal cleavage, and thus lepreseiiting a rhombic 
pyroxene,* but it due throws out lootilike piolongations m which i 
cross cleavage is visible Whoie the ihdlogo has lieeii reidaood by 
hcunblende, the latter often extends some little distance into the louts, 
which 111 a few cases suggest the pieeeiiu of the ihombie luustitnuit 
These are embedded in fclspvr, thus aftouling a pegmotitic stuietiiu 
which vanes in iliffeient puts of the slices fiom ilieipeut to well 
• Thnsloisllj tr* teen f« imw into a y llowuh scriientinuut mineral ahi h 
with eroumg niooU tbowi a fllnvnt ntn etiire iiid fnirly bnght polanmtion tints 
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doAoIupotl (aeo figure). Sumo of the lurgor diallage crystuU also show 
u curious structure with citnserl nicols; small lamellte of a different 
tint, arranged in a kinii of network with lozenge-shaped meshes, making 



Fegmatitic nswomtion of a iijroxrne and fclaper (compotite). a ai. The 
“ rootlet*" and moat ot the mincMl round the central grain u pyroxene 
DeronipoMtion ihoirn about a cnirk.* 


their appetiraiico. These possibly may indicate an early stage of the 
conversion of the diullago int«j hornblende The grains of felspar vary 
much in size, even when associated ivith the “ rootlets ” of pjToxone. 
They are getienill}’ in good preservation; exhi1»it twinning, usually on 
the alliite type, and are shown by the exfanction angles to be mostly if not 
wholly labradorite. Small grains of iron oxide are present, which are 
most abundant near the margin of the larger pyroxenic grains. They 
are sometimes scattered in the pegmatite, and in one or two cases are 
slightly root-like in shape. Cracks traverse the rook and have led to 
mineral change. They are often lined with small crystals of a brown 
mica, similar to that which occurs in some specimens of the " blue 
ground.” These are imlietldod in a rather earthy-looking granular 
material, which is, no doubt, a decomposition product from the felspar. 
Pegmatitic structures, whether marroecopic or microscopic, are fairly 
common in granites, where the associated minerals are quartz and felspar, 
but, so far as my experience goes, are infrequent with other minerals. 

•Ism indebted to wy friend Mr Ooomdrs-Swimy for the miorophotogmph. 
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Piofesioi huseiilniHch bo«e^LI mLUtioiis tht uccutieiiic in some 8\enit«8 
(iiiiludiii({ «ith eltraliU.) in diontc (\eri lurt) and iit a hyper 
Btheiic gahbto (oi noiite) from hkorbuiid on tht west ctmst of Norway 
and St I’uds Islind I aln idii * Thiu* wo nia\ 1>t lontent to call thia 
rock a [x-^mititic hoinhltndK C>ali1»to 

(A ) lhi 8 poihi{H lepitseiits i iithMe rathei than a Itotildoi, foi it is 
afia^entonh ilmut x 1 ^ x 1 iiithes adhering to a piece of ‘ blue 
giound the bill face in (ontict with the littei lieuig well loiiiided 
h1a(io6(0|iK ilh It ippciMtoIx. i intduuu gi lined dionte the micro 
ncojje ahouH a holocnstilline giaimlai atiuctme, the plagioclaitu 
felapai is in fan pitacii itiuii and peihips is lahradoiite, the horn 
bltndt IS lathci btrongli pltrthioic i uignig from pale Inowiiish green 
to deep In oan The niiiittal howeiei is not original, but an alteration 
piuduct fiom a pale gieen augite (oinphicite t) IrrainR of non oxide 
ai e hIho pi eaent Slight decomposition haa taken pi ice in i nai mu rone 
fiom the sinfuo mu iids 

(i ) I he laat specnnin is a lump of iiiigiilai shiix, Piesumablj it 
u fiom the blue giound, but there is nothing to piove this In a 
Comput daik broun to shghth put pie giound maba a numliei of 
ineguliih foimed gieennih gie} {latehua ire scattered bo as to suggest 
flon bacciatioii 'Diese when examined luulti the miei oscope, are a 
vet} light gieyish browii in coloui exhibiting flou stmetnre, minute 
dovitnfic itioii and some decomposition Ihe matiix is darker, 
spiinkled uith opueite ind feiriti mniutelv deiitrihed showing an 
tnegulai uavi structme and occasionally ill-defined crystallites of 
plagioclase felspar The lock nou a folsite oi porphjnte u is piol>- 
ibl> once eithoi i samdiue trichvte or moie pio^bh an indeeite, 
with flou brecciation This specimen possibly maj not leprosont a 
bouldei, but a dyke or flow associated uith the blue giound 

(2 ) Ih mnriifft »« M iti i 

Specimeub of the '‘blue gioiuid in uhich the boiddeis ocenned 
were also sent As the} c inie fiom aiiothei part of the mine, and the 
best preseiied exhibit^ one oi two slight diftei ences I haie had a 
few shees prepaied To the unaided eye the matrix is more of a 
purple blown coloui, slightly moio compact and hard, but more brittle, 
the fragments of magnesiin minerals, houorer, seeming more tom 
pletely seipeutinised A few small, lather eiiimhling, rock fragmentsi 

• Elements dt r QeiteinsUbrs (1680) p SSt A esee where the structure u 
more like that of the true graphic granite, from the dolente of Poul Hill is 
^Menbed hr Ur AUport Quart fount Ond Soc toI 90, p M9 andflgnrMl 
Itr Teall Bntiih Pstrographi PI XXIII fig 2 An mstauee of microgr^ibic 
mtargrowth of quarts and calcite u detertbed hr Mi Coomara Sirttinj m the afore 
named joumal nd 06 op 606 006 
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of H ilull white (.•oiniir, spcuklod with green, ore present. MicroiM.'opiv 
exiininintion sliowi that the huger miiierals «lo not rnll for any Mpeeial 
notice, except that a rudely croscentie pyrope has a Icoij'phite i im on 
the coiKMive as well as on the convex side, pro\ing the fracture to be 
an old one. B>it the small plates of a brown mica, the occurrence of 
which has l»oen alrowly mrticod,* aie voiy abundant in the matn’x. 
These plates in some of the specimens ai-e rather iiTegnlarly ontlincil, 
and rarely exceed OKK)! inch in diameter, but in others they avci'ago 
about double that sise, and oceasionaliy .i few of them may even exceetl 
0'004 inch Thun the outline is more rocbingnlar, and the cleavage 
more distinct. The smaller flakes often tend to form a /xme aiMund 
included rock fragments, and scatterad graindes <if iron o.xido seem 
more comnioii in the slices containing the larger flake’s, f I have in»w 
no doubt that the mineral is a secondary proiluct. 

The unusual abundance of a minute brown mica in the ground mass 
made an analysis dcsinible. For that aiuiexed T am iiidebteil to Mr. C. 
•fames, W’ho has executed it in the laboratory at Uiiiveroity College 
imdcr the supervision of Pisifessor W. llamsay. 


.Silica . 38-77 

Alimuna . 14'62 

Ferric oxide . 11 -.16 

Calcium oxide . . 4-51 

Magnesia . 12-14 

Potash. 2’G3 

Smla . 1 90 

Loss on heating COi and II.O. ... 13 .')5 


90-48 

(The iron was all estimated as FejOs; one specimen gave a ti-ace of 
luckel.) 

If we compare this tuialysis with one given by Professor C. l^iewis,} 
SiOt 33-00, FeO (including AljOs) > 12-00, MgO 32-38, CaO » 
0-68, Na/) - 0-67, CaCO, - 16-02, HjO - 6-0 (total 101-71), and 
with those of Kentucky “ kimlierlites ” quoted by Bosenbusch,§ and 
by Ijewis,!! we see them to lie poorer in alumina and alkalies, but 
richer in magnesia. Serpentine, in fact, forms the dominant silicate 
in them, a forro-magnesian mica in tiiis, the other mineral not amoiuit- 
ing at most to a quarter of the whole rock. But we must remember 

* ‘ Geo). Mag.,’1807, p.451. 

t la all (ha«e spsenaea* front Scirlands aiMqus gmaalrs (f ilmeaite) ssam to 
taka tha plara of the tnuuluaent brownish granules (in part porofskita) in the 
speo'mciu from Da Beers Mine. 

X ‘ The Matrix of the Diamond,’ p. 47. 

f ‘ Klameutp dor Oesteinslehro,' p. 100. 

U 'The Matrix of the Diamond,' p. 04, tf, p. 01. 
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that Home of tho deeper-wjitwl ^iiceinieiu* tmm the l)e Bitom Mino, 
though Tioloiigiiig to the typical ni>WH of kimlx'i'litu, .lie haitlly Ices 
rich m the necondaiy mica than this one tirmi \eu lands, mo that 
from tho chemical point ot view, :ip<irt from othei (.nintiderationfi, the 
propriety ol claflsiiig “ kimlicriite ’ with the (.iltevisl) poiidotitce in 
worse than doiditfnl. 

The rock fragments .ire often .iliont Od inch in di.imoter, though 
pieces nearly half an inch across alisi ca-ciii, sulvangiilai to roundoil in 
form. The majoiity repi'usoiit lunotics of M>mu nppai'ently 

retaining traces of a glassy Iwiso, othei n rathci iminitely hulotiyotal- 
liiie. They show signs of alteration, hut nothing in their stnictiirc or 
composition calls tor any detailed description. Tt is ditKciilt to ileter- 
mine tho owt nature of tho light-coloured fr.ignieiita. 'Flic green 
mineral is sometimes a granular angitc, lathcr d(H‘umiJose<l, sometimes 
an actinolite; the lighter (dominant) part olteii etfoivosces biiskly 
with HCl, and calcite is seen under the iiiicroMcope, .wsn<iatu<l with a 
grey decomposition pKaluct, which often suggi*>>tb tho formoi picsence 
of a felspar, lii one case a holocrystalliiic granular stinctuic is clearly 
seen, and the replacing mineral has some resemhlance to peeiidophite. 
Hence I consider those fragments to represent .i pIugioclaise-.iUgito 
ruck allied to gahhro, and related to the lionlder alreiuly dthLiiliod. 
Its presence, and the comparative alntmUnce of bits of basaltic xak, 
seem to lie charactenstic of tho locality. 

One specimen, however, calls for .i little notice. Tai t ot it re¬ 
sembles a compact mudstone; tho rest, alanit an inch across, is rather 
ilecoraposed bine ground; the outer side of this suggesting that, ni in 
tho case of a specimen doscriljetl last year, tho “ blue ground ” may 
occupy a fissure in tho “ country rock.” On micnwcopic examination, 
however, this proves to be doubtful. Tho apparent outer surface is 
<uily a vein product, consisting of a fibrous mineral, possibly airagoiiite, 
associated with a little actinolite. The seeming mudstone is more like 
a very decomposed igneous rock, probably a rather felspathic liasalt. 
The “ blue ground ” is also much decompuseil, the mineral fragments 
being converted into a pale groeiiish-yellnw fibrons material, muoh of 
adiioh is actinolite. A fragment of Iiasalt (not identical with the other) 
appears to he altered for a depth of not iiuite one-tenth of an inch 
fnm the exterior, for in this part small distinct fiakes of brown mica 
are scattered about. 

TTio specific gravity of a specimen of “ blue ground,” rather harder 
thui the rest, was 2-667; two othoi-s, representing the most brittle 
-variety, were weighed, but as each crumbled a little when immersed, 
the rer^ are slightly too low. One (the better) was 2‘622, the other 
S'614. I taied the former a second time, lint as it broke up more readily 
Uun before, abandoned the attempt. 

I referred last year to a pyrope In which diamonds were embedded. 
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Atiothor fei)e<.'inieii li<ts now lieeii fuiuid. Tbc pyrupo nppiirently wan 
rounded in fonn, nlMiut h [ inch in dinmoter, nud surroimded l)y a 
kehTthite ihn It w Inokcu hciom, thus diticloHiiig the diamond, an 
ortah<'di-oii, uiih one fate of which h complete!}' expoeeti. This in 
slightly HteppiMl, and mcasiu^s loughly oiie-tentli of an inch along the 
e<lgc> A snndl piece of the nsual puipliMh lireeciu adheres to the 
pyiope, so tlie case is e\aetl,\ {Nirallel to the fonner one. In each the 
pel felt form of the di.iniond bhow's that it ciystallised before the 
gaiiiet, !iii<l as the oidmait taiictics of the latter niinc-ial seem to lie 
pMsbued at a liigh temix'iatine,* the assoiiatioii may lie siginficaiit 

(».) Tin CmiHhii liixL 

A few sjjcciiuens of this weu* also bent, but only two larietius pre 
sent auv fe.itiire of intetCht One is a greoniHh conglomeiato with 
calcareous matrix, and lotinded iiebbles up to alauil J inch diameter; 
the othei has a ]Mlv-gio\ inatnx, speiklod with bonie small angular 
tlark-grcen tiagnicnts and a few sitbaugulai pobldes up to alioiit an 
iiuh in diameter; one appaienth a red fclsite, the others diabase. In 
the hi'st h))ecinicn the nuctoscope shows abundant suiHuignlar to 
rounded graiuh, mostly dialiaHe, of which there are at least half a dozen 
vaiietifs, a microgianitc and two or thi'oe rocks moie fragmental in 
aspect, one perhapb a tutf, anothci apparently a quartzite, ufTectod 
by pivssurc, and a third a sub-crystalline dolomite Those are cementwl 
Ity micrograiiular lalcite. luntiuiiing iiruliably a little magnesia (the 
crystals often forming a kind of Imrdor to the rock fragments), the 
interspaces lieing filled in with clear dolomite. In this cement are 
emlicxlded some angular bits of quartz, a fragment of altered felspar, 
and one or two, jjerhapti, thalccilou}. The other specimen shows a 
fine-giained muddy matrix, in which are scattered angular to suli- 
aiigiilar grains of quartz, with a little doeoinposed felspar, a little of a 
gi-eeii mineral (1 roplacing pyroxene), decomposed iron oxide, and 
pel haps some Muall rutiles, with rock fragments, generally rather 
roiuided, represeuting compact diabase, or possibly sometimes andesite, 
and one or two of a BulKn-A-stalluio limestone. Both these speoimons, 
as Mr Tndieiiliach informs me, represent a ruck named ** bastard 
blue” by the minors, and it has lieeii pierced in both shafts, the 
diamantiferous breccia, or “ blue ground,” apparently passing under it 
ill the second shaft. As, however, there is no real relationship between 
the two rocks, I regard the association as fojrtidtoiu. 

* I do not forget the reoiarksble garnets from the Bastogue, described by Fio- 
fesoor Bensrd Ball, du Mnt^ Boysl dr Botgiqne,’ rol. 1, p. 9), or that oalled 
pyrenelte (also one of the andradite group), but toth these mlnerslt SM veiy 
abnormal. [The genesis of the tonner is discussed by Miss C. A BaUa, DAo., iu 
a paper which will appear m the * (jnattcrlT Journal of the 0eologiotl Soeie^* 
for leoi j 
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(4.) Jletiilile fumi the Ihiimistlfemn ErUtgitf 

Aftei'tho muling of inydc>iciiiitnm of the “(Iifini<intifuiouH eclogite,” 
Sii W Crookeo kindly oftoml to examine that icu-k fov microwopic 
(liumondH. Taking one of the fragments « eigliing ISO'S grammes which 
had lieen <lctache<l in alieing the •tpeeimen. he ti oaterl it a« follows :— 
“ Aftei lieiiig a ery coaiiioly hrokeii up, the material ivas put into u 
A'ery stiong sulphime acid. The aeid w,is lioiled for aomu time, and, 
after lieiiig allowed to cool, the lesidiie ivaa washed, dried, and then 
heated for some hoiu-s in strong hj'di ofiuoi le acid. After it had Iwen 
well w.ishod and dried the treatment uith hot sulphuric aeid Avas 
ru|)eate<L The mass, after a few ulteriiatiuns of these acids, liocame 
disintegrated, and all, except a fen crystalline lumps, nero dusoh'ed. 
After alkout ten traatments oiil}* a tew small ctystals remained, and 
these (uith the exception of a sample) were reduced hy a few more 
boilings with the acids to a single small one aUmt halt a milliinetisi in 
diameter.” This was Isnled fourtoeii times in each acid, and appeared 
to lie slightly roduceil in si/e. “ It sinks iii uicthvlene iiaiide, specific 
giHA’ity 3'35.’’ This was sent to mo n ith some of the small ci ystals just 
mentioned, all lieing mounted Tho solitary surAiA'or of the whole 
trontmeiit showed on one side cuiaxhI crystal faces, but on tho other 
appeared imperfect. These faces, so far as I could judge, indicated an 
isometric or possibly a rhondioheilial mineral Its refractive index ut 
high, tho colour a pale sniuko-bi'owii, and it apparently produced some 
effect ou polarised lighj. That, however, avhs not conclusive, fot 
diamoiuU from NoAvlaiuis, as at Kimliorley, are often in such a state 
of strain as to be anisotropic. Of the burriA'ors of the first truat- 
meiit, the more abiuidant Ai-ere colourless, rough in outline, hut possibly 
shoning one cloHA'ago surface, apparently at right angles to an optic 
axis, polarisation tints bright; the refractive index high, hut inferim 
to that of a diamond. It appeared to me not impi-oliahly conmdum. 
The less ahiuidant granules vroiv mole rniuideil in outline, vrith rather 
rough, possibly corroded, siu-faces, translucent, of a resin-hruwn colour, 
apparently producing some effect on {lolarisod light; on tho Aihnlc 
they seemed to hear some resemblance to rutile. But to come to any 
cmiclusiou alioiit the Kist mineral it AA-as necessary to detach it from 
the mount As I haA-e no appanitus for A'ery delicate work, that not 
coming within my usual lino of study, I had I'ecourse to Mr. L. Fletcher, 
the KMper of Minoralog}', and Mr. L. J. Bpencer, also of that Depaii- 
'ment, at the British Musetuu. The latter attempted to measure tho 
supposed diunond Arith the goniometer; the faces, however, were too 
oorred lor the'purpose, but both of them regarded the edges as too 
sharp for the minend to have suffered appreciably from tdhe acid, as Sir 
W. Crookes atrs inclined to think. They considor it to be really iso- 
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tn)fnc, rtnd h diamoml.* Mr. Spencer thinks tlmt the coloiirlcw 
birofringont fmjpneiitH nre perhups opticnlly nniaxinl, ami that they 
may very well lie conindntn.f llic browner grains he siiggeste ore uIho 
iliamuinU. In favour of this identification in the fact that small 
dinmoiuU occur at the Newbinds Mine (I have seen some in Mr. Trii- 
1)enlmch*8 hands), rather ovoid in shape, with a ronghenc*! surface, 
some a yollowiah>I)rr)wii, some colom-less. But against it we may urge 
that they .ippcar to ha\c lieen dostmyetl during the second troatnicnt.t 
Bo this as it may. Sir W. Ci-ookos has sncceedod in showing that micro¬ 
scopic diamonds do ocdurin the eclogite, which contains those of larger 
size. 

To concltule: in tuldition to this residue from the eclogite we have 
ascertaine«I (1) the existence, m some quantity and variety, of pre- 
triassic diabase^! (2) the abundant development of a microscopic brown 
mica in the ground mass of the so-called kimberlite; (3) the presence 
ill it, as true boulders, of at least four more species of holocrystalline 
rock. The last fact acquiies an ailditional importance, because, since 
the publication of my former paper, the Imnldors therein descrilied 
have lieen claimed as “concretions” in tho so-called kimbeiiite.|| 
With this matter I have dealt elsewhere,H hut the identiiioation of 
seven species or strongly-marked varieties of holocrystallino rocks, 
peridotites, eciogites, die., in which the minerals at the surface are 
worn as if hy tho action of water, not to mention the general stmctiue 
oi the so-callml kimberlite, must, 1 think, offer insuperable difficulties 
even to the most enthusiastic advocate of concretionary action. 


“Tlie Distribution of Vei-tebrate AjpiinulB in India, Ceylon, and 
Bunua.” By W. T. Bi.axk^, LLD., F.It..S. lleceived 
Deceralier :J,—Heml December 13,1900. 

(Abstract.) 

Several contributions on the subject of the distribution of Yerte- 
brats, or geographical Zoology, in India and the neighbouring countries 

* On ro-ezamining tlw ipeeimen. now that Mr. tfpaneer has kindly moontad it in 
a better petition, I agree with this determination. 

t On a final namination of the tUdea, I And amimg tiieni one if not two small 
graina whibh I strongly snspect to be dfaunondt. 

t A Anal azaiutnatton and twapn ris on wHh some bits of “bolt” giren me by 
Mr, Trubenbaeb haa not made me more Ihronrable to ray erigiiial i^tilcaiioii 
with mtile. 

I 13iat ia, at any rata, older than tbe tima when the Karoo scries srai dspoaitSd. 

II Pvofetaor Beii, ‘ Zeitsriirift f Ar Praktisehc CM..' Deeember, 1890. 

f ‘GedL Mag.,’1900^ P.84A 
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hK\e Iwuii miMle liy KUe>*,* \<»ii Pel/i-lii.t WHllace.t Hhaiiw.S Newtfjii,|| 

(th<Uiw, 1 Ly«lokker,** aiut \V. Htlatci.tt liosides the present Hiithor.tt 
The nmjority nf those eontrilnitioiis deal, however, »rith binU or 
lUHiniiuds alone, the tirst-iuinH>d the«s hating Teeeito<l the gieatest 
amoinit of attention. 

The eompletion of the aeien tolunies i oiitainutg descriptions of all 
the Vertehratn, in the ‘Fauna of Hiitish India,’attonls an opportiuiity 
of re\ie«nig generally the distrilaition of teriestrial teitehrate animals 
throngliont the ftritish possiNsiotis in India, Cut Ion, and Riimia. The 
hniith aie those of the British Indian teriitoiies and ilejjendencips with 
the addition of Cetlon (tthirh, althongli Ihitish, is not under the 
Indian (ioteiniuent) Ihdiiihistan, all the KaHliiiiir territories (with 
(rilgit, Ladiik, \'c.), Ncfutl, Sikhiin, Bhntaii, and othei Cis-Himalayaii 
States, Assam, .Manipur, the Bnimest* Shan Stalls, Kai'einice, and the 
Andaman and XieoUit Islands aie iiiehidisl, lait not Afghanistan, 
Kashgaii. 1 , Tibet, Vnnnan, Siam, oi the Malat Fennisuhi south of 
Teimsseiim. 

Foi tin* stnd,t of mtolognal distiibntton tlieie •ire few, if any, 
legions on the earth's surface that exceed Ihitish India and its de- 
pendeiKi(>H in intuit'st The aiea is almut 1,S00,000 square miles, and 
although the lertehnite fanna is hj no means thnnnighly explored, it 
18 well known throughout the gmitei {Mit of the area and fairly 
known throughout the whole, lasttei pioKibly than in any other 
ti-opieal and sulstropual tract of appioximntelv equal extent. The 
\Hiiet\ of climate is remarkable, within the aioa are nieludud the 
alniiHt lainless dcseits of Sind and the locality on the Khiisi Hilb* dis¬ 
tinguished by the heai lust rauifall known, the cold arid plateau of the 
rp]K.‘r Indus drainage, and the lUmp tiopical foiestsof Malalnr and 
Tenaswnm. Tlie country is boniided on the north by the highest 
mountain langu in the world, and on the south by an ocean extending 
to the Antarctic regions Anothei element of intei’est lies in the fact 
that the peninsula of India is a land of great gc>olugical antiquity, 
theie Iwing no evidonee that it has eier lieeii submerged, although the 
gre'iter part of the IliiualayaM and Riirina ha\u at times lieon lieiioath 
the sea. 

The plan adoptoil for the study has lieeii to diiide the whole country 
•1* Z. S.,’1878, p. 0K 

+ ‘ AIViM.Indien,’ “ Verb. Z -B. Oes. Wifii,” 1876, p 08. 

t ‘ Orogmphirsl DiMnbntion,' col. 1, pp HI, Ac., 1870. 

I ‘ Mntuml Srience,* Aujput, 18M. p 108. 

I ‘ Bfelioimrr ot Bhdt,’ p. 368 (1898). 
f Bionii’. • Kl. Oa. d. Thierwicli*,’ VI, 4, Vugel, p. m (1808). 

** ‘OcogiwphinI HUtorr of MuniniU,’ p. 866 (1806). 

ft ‘ Geogrsphiosl Jourml,’ 1806, to 1.8, p.380, ' Qragmphy ct llsnimak,’ p. 18L 
n * J««r. A*. 8oo. Bcng.,’ toI. 80, pt 8, p 886 (1870). ‘A. M. X. H.’ (4), fol. 18, 
p. 877 (1876); Introductiun to *• Itftmmslui,” ‘ Fauna Brit. Ind.,’ p. IV (1888). 
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iuti) innt'teen tiiictB, (liiitin(^ui>hoil by physical ehaiactorf niu-h iw 
raiitlHll, tuni}ii>raturt>, piTWiice or .iImciicc of forests, iiud previileiife of 
hilly ground, and to eonstnirt tables shouing the distiibiition of each 
genns of hind ui Iresh-uatcr \urtebratu in the truuts. CTenerii have 
lawn selected for consideration, lieeanse families and siib-familics are 
t(M) few III nnnilior and too wide in range, whilst s^iecies ,nv too 
inimei'ons and t<si luieipuil in importaiioo It is recognised that there 
is iiinch difference in the value of genera in ilifferent groups, the 
genenc iliffereiicch in passerine binh,, tor iiihtaiice, lieing as a rule of 
inferior rank to those in some otlici oiders ot birds, or to those gene 
rally adopted ainongst nianinials, reptiles, and Itatraehians. In thi' 
deniamition of ivgioiih and siilHcgions. teiTestnal mammalia .11 e 
ivgaisled as of piiniary imjsirtaiie** 

The trai ts are the following 


1. Fnnjab, Sind, Kalnchistan, and Western Bajpiitana. 

2 (bingetu V’lain from Delhi to Kajmahal. 

3. Bengal trom Hnjmahal to the Assam Hills. 

11 . huhnH h iniitiilii, 

4. Kajpntaiia .nid Central India as tar south as the Xerbudda. 

r>. Deccan trom the Xcibndda to alMiiit 10 N. lat. and from the 
Western Ghats to long. 80' E 

6. Kehar, Orissa, *e., trom the (tangetie Bhiin to the Kistiia. 

7. Carnatic and .Madras, south of and 6, .ind east of the Western 

(rhats. 

8. Mnlaliar Coast, Coneaii, and Western Ghats or ibhyadri range 

from the Tapti Biver to Capo Comorin. 

C. Cei/lon. 

9. Northern ami Eastern Ceylon. 

10. Hill Ceylon, the Central, Western, and Southern Provinces. 

D. JUifinliifi*. 

11. Western Tiliet aiul the Himalayas above forest. 

12. Western Himalayas from Hazara to the western frontier of 

Nepal. 

13. Eastern Himalayas, Nepal, Kikhim, Bhutan, &c. 
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K. A *111111 milt Jill mm. 

14. Auvim uiiil tho hill iniigiM to the Kouth, ^v 1 th Manipur tuul 
Arraknii. 

16. Upper Burma, north of hIkiuI lil lat. 

16. Pegu from the An-akiin Yoiu<i to the hill rangeh wwt ot the 
Sittang. 

17 Tenawienm iw far floutli OH the iieighlHiuihiMNl of Mergui. 

18. Bouth Tenaaaerun, nouth of hImiiu l:i N lat. 

1ft. Aiidainan ami Nil-oImi lilainU 

review of tho tauii.i of theuc tr.w'ts Ic.mU to tho following louclu- 
Bioiw: - 

I. Tho I'luijah tiHct ilittei-s greatly in its t.iuna from the liiiUaii 

peninaiila and fiom all coiiiitrie<< to the e<isiu.o-d, so greatly that it 
eaiuiot lie regardetl as petit of the Iiido-Malay oi Oiieiital iT‘giun. Of 
tciroetnal maniraals, liats e\cludeil, .'tOguneiu aie met uith, of Hhieh 
8 01 30J per ceut. are luit Itulian, whiUt «it reptiles (omitting eioco- 
diloa and eheloiiians) 4(i goiiiMa oteui, ami of thow 20 or 43} {Xir cent, 
are unknown furthoi east. Of the t oi rcsixindnig orders of mammalia 
46, ami of reptilcx HO goneia m'cur in the Pemmiula, and 24 or 52 per 
cent, of tho former and 57 oi 64 ih‘i leiit of the latter are not found 
in the Piinjali tract. The diffciemes moiiM lie larger lint tor the fact 
that certain genera, foi mstaiue, and /touln/iliiis (nilgaiX are 

found eaal of the Indiu though not further w'est, <ind that a few Bulian 
Hpeciea etraggle into the Piinjah arc.i All the genera met with in tho 
l^uijal) tract ami wanting faithei east aie eithui Holarctic fomu or 
peculiar, hut with flolarctio affiniticM 

'rhe Ihuijah, Sind, amlMoMteiii Kajput.oia are in tact the eastern 
extremity of the aiea known <ih the Kreiniaii or Tyrrhenian or Medi¬ 
terranean mili-regiun, generally n‘gim|pd as part of the Holarctic 
i-egion, hut hy aomo ckuued aa a region by itself correeponding to the 
Soiiomii in North America. 

II. The Himalayan alane the foiehta ami i>iu-h [xirtioiui of Tiliet aa 
come within Indian pohticai limito (Uilgit, l.mhlk, /aiiakar, ^’c.) 
Iielotig to the Tiliotan suli-reginn of the Holaivtic region. Of twenty- 
file mammalian genera hitherto reeutslwl from No. 11 (the Tibetan) 
ti-acl, 11 or 44 per cent, are nut found in the Indo-Malay i-egion. 
That Tiliet forma a ihotinct maDuiialian suli-region haa alreaily lieen 
«hown in other papers.* 

III. India proper from tho Itaae of the Himalayas to Capo Comoi-in, 
uid from the Arabian Sea and the eastern boundary of the Punjab 
tract to the Bay of Bengal and tho hills forming the eastern limit ol 
the Oangotic alluvium, should, with the addition of tho island of 

‘ acol. Mag.,* 1W2 (3), TOI. 9. p. 104; * F. K. 8.,’ 1998, p. 449. 
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Ct)^l<llt, Ihj rog)ir(U‘<l u «iiiglc tiili-iff^iiui, uml iiiav Ih) cuiin uiuoiitly 
entitled the CiHguii^tit sii1>-iegioii * The fotcMta of the SahyAdri 
miixe Hiid of the Westuiii oi Com-aii and Malaluir toast and the hill 
area of Sonthein (Vdoti liate a tar mhei fuiin.i than the ranamiiig 
area, hnt aie not Hiithdently di'^tiiift to itMinire suit regional sepa¬ 
ration. 

The hill laiina of the tMluadii ifiiige, esia'Cialh on the highest 
portions, HUeh as the Nilgiii and Anainialai Hills, and that ot the hill 
group in South-westein Ce\ Ion, lontaiii set era! Himalayan genera and 
Bpeties, liut not snttitieiit to enalile the S ludun and Ceylonese amw 
to l>e thwsoil nitli the iiim.dav.in finest aiea in a sejiaiate snlKlmsion 
OI sniHegion. 

The Cisgangetit snhiegion is distinguished lioin tlie Tiansgangetic 
liy the presente aniongst inuininals ot Hya-niihe, KHnafoina*, (rerlnl 
lin.e, of three |a‘tnliar genoia of Antelo|)eH and of some tithei tyja-s , 
aniongst hiids In the oeuim'ino of I’teiixletes (sand grouse), rhn*ni- 
copteri (Haniingcs's), Otidida* (Inwtanls) and Cnrsoriiiue, aniongst 
reptiles by the iKiss(<ssion of the families Knbluphainhe, ChaiUB'- 
leontiihe and I ro)ieltiila', togetliei with many p(>enliHr (stvkonidas 
Agaiuidn'and liacertidte, and amongst iMtiathiaim by alsint 'ono-half 
ot the genera found in each snlsi-egion l»eiiig aliseiit in the othoi The 
dittereiice lietneen the leptilos and batraihians In itself would justify 
the classihiatioii of thetwoaioas as distinct legions, a liew adopted 
by several writers 

The following hgnies show the total iiuinla>i of genera i-ueonled 
from the Cisgaiigetie snl) tegioii and the jien entage of them not ranging 
into the Transgangetn- atea, the Unualavas and tlnnna. 




Mainiuals. 6:2 

Binls. ;H7 

Keptiles 93 

Batrathiniis 17 

Freshwater fishes . r>^ 


Aol Tr,ilisKuiigrlli. 
14 or 22'.*) per rent, 
to oi 13 
39 OI 42 
9 oi D3 
9 or in n „ 


Omitting Isits, the nnmlM:i of Ciegaiigetic maiuinalutii geiieni is 
forty-six, of which 14 or 30 poi loiit are wanting in the Himalayas 
and east of the Bay of Bengal. 

The diifereiiee lietween the Cii^tigetit vertebrate fauiui and that 
inhabiting the rest of the Indo-Maluy or Oriental region is partly due 
to the altseiice in the former of iiiuneroiis Eastern tj'pee, and partly to 
(he presence of tw’o constituents liendes the Oriental genera, which, 
•specially in forest, form a majority of the animals present. One oi 
(h^ two oonstituenU consieta of mammals, birds, and reptiles having 
* The ttno* ** Ovgsngetki ” and “ l^sosisngftic’' bare slresd) been employed by 
pMhieeor Chslow, Ujt. 
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u <liHiiiict rt'lHtiuiishif) with Ethiu]imii niiil ilttlHri-tii- gviiviii, iiiiil with 
the 1’hiK‘eiie Siwulih fauim. This eoiibtitueiit of the CugHiigetiL faiuw 
it is iiroposed to distiiigiiish liv the teini Arj'iiii 'I’he other eoii- 
Btitiient is coiii]xMeil of reptiles and liatraehmns, and ina\ lie termed 
the nravidian element The lattei is uell deieloiied in the south of 
the IVniiisul.i and especiaUt aloiij; the soiuli west or Malaliai Coast, 
and III Ceylon, lint it ^riuhudli diH<ip|N‘<iii> to the northward, its 
iioitlietn limit, so fai .is is kiionii .it piesent, not extending; to the 
20tli ]iarnllel oi north latitude It is piolmhle that this is the oldest 
pait of the Cisgaiigetu fauna, and it m.u h.ue mliahited the country 
sime lndi.t was lonneeted hv lainl «ith M.id.igas(Ht and South Africa, 
aiioss wli.it IS nyu the liidi.ni Oie.m. in Meso^oii and e.iily Cenojeou 
times. “’I'lie othei two oloments, the IniheM.ilai oi Oriental and the 
Aiv.in, aie prolmhli l.itei iiiimii(iHnts, .ind its widei ditfiision may 
indicate that the Onental element lus nih.ihited the Indian i'eniiisula 
longer th,iii the Ai\.in h.is. Theie .ip|M‘.trs somoieason for i-egaiding 
the Onental jsirtion ot the t.iiina .is d.iting in Inili.i tiom Miocene 
times and the Aiy.in tiom Pliocene, whilbt in the Vleistiwcne epoch 
the pioixiitioii of Aimiii to ()neiit.il tyjH's of injimmals in India, as 
shown liy the tobsil t.iunas ot the Ncihiidd.i and the IviriiiU Caves, 
was mueii laritei than at the present d.»i 

Tlieis' are some othei la’cnliaiituai ot the Induin roiiinsul.ii taiiim to 
which attention max la- ciiIIihI, One of these is the ])iosenee of genera 
and Hometimes ot sjasies which .iie found on laith Miles ot the Bay irf 
Bengal, hut not in the Himalayas oi Noitliem Iiidw. A gocal eioimple 
is aftordcHl hy the genus 7/(o/«/«s, of whuh one species iiihahits Ce,\lon 
and India south ot alaiut 22 N hit whilst two others are touiid in 
tfouthoin Tenasserim and the Malay Peninsula In Pliocene times, 
the genus inhahitcal Northern India Another iiistaiiee is the lizard 
Lfiilijii* foiuicl in Kumia and Airakaii, and also in Koiith 

Caiiara on the M'est Cisist of India. En.imples amongst rc'ptiles are 
rather numennw. Moreover, whilst theie are numerous alliHiiees 
between the animals of PeiiiiiHiilar Imbu and those oi Atm a, there am 
also some curious eunncH-tiuns lietweeii India anil Tropical Amonca, hut 
these are chiefly amongst iurertehrates.' >Somu, howexer, are found in 
reptiles. It is prolnilile that such Imlo-Americaii csmnoctioiis are 
vestiges of older life than the liido-Afncaii. They are of course, 
generally speaking, instances of animal groups once more wridely 
distributed, hut now' only presen eel in a few' fax'ourahlo tropical 
localities. 

IV. The forest area of the Himalayas lielungi to the same 8u1>regiou 
as Assam, Burma (except South Tenasaerim), ^luthern C3iina, Tonciuin, 
^m, and Cambodia, and to this sub-region the term Traiisgaiigetic 
laay lie iqipUecl It is distinguished from the Cisgangotic sitlsregion 
hy the aliselire of the auimals already specified as characteristic of ^at 
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area aiul 1>y the presence of the following, which arc wanting in the 
Indian I’eninsnla—Mammals. the families Nimiidte, Procyoiiiibi', 
Talpida?, and Spaliuiidie, and the suli-faiiiily (lyTOnnnna>, Iteaides 
numerous genoni, such as Prtintmhiu, Hiluhn, .In ton iff, .Ifltrniini, 
Nfiiwhti^hix, and i'rnm*. Birds- the tamilies Kuryla-niiila?, Indica- 
toridw, and Helioi nithida*, the suit-family l*aiiido\orinthinB*. Reptiles . 
Platysterriidn* .iiid Anguidie. Batnu-hi.ins 1 Hscnphida*, llylida*, 
Pelobatida', .uid Halamandiidie. 

The following are the numliers of the genera in the ihifereiit clavu's 
reconled fi-oni the Inrlian jsntion of the Tninsgangetic region, hut not 
from the C'isgangptii- 

Not I'lfKauxriii- 

Mammals . . 74 26 or .Vi jicr rent. “ 

Buds 475 174 oi;i6 5 

Reptiles ... SI :i0 or :<5 5 „ 

BatrilchiaiiH 16 H or .lO 

Freshwater 68111-. 67 IS or 27 

(Jniittiiig liats, the iiundiei ot 'IVaiingaiigctir mammals within liidi<iii 
hmits ai-e hfty-four, of which 22 oi 40 jiei unit aie not t'isg.ingetii. 

The relations of the Himalayan f.uiiia to that of Assam and Bni ma 
on the one hand and to that inhahitin|^ the }*eiiiiisula of India on the 
other may bo illustrateil by the mammalsw-ith bats omitted. Of foity- 
one genera occurring in the Himalayas, three arc not found in the 
hills south of .\ssani or in Burni.t, w-hilst sixteen arc wanting in the 
Cisgangetic region. It should lie rememliereil that a large numitor of 
the genera are widespiwl forms As the result is not in agreement 
with the views of some who have wi-itUm on the subject, the relations 
of species have lieen examined. It isisiUts that eighty-one siiecies of 
mammalia liuloiiging to the orders Primates, (Janiivora, Tiiseetivora, 
Rodentia, and Ungulata arc recorded fnira the forest rogions of the 
Himalayas. Of these 2 are doubtful, 22 are not known to occur south 
of the Himalayan range in Itubn or Burma, 21 are wide ranging foiius 
and are found in Imth Burma and the Indian Peninsula, 1 only 
{Hituliii Iriifoni) is common to the Himalayan forests and the Iiuliaii 
Peninsula, but iloes not range east of the Kay of Bengal, whilst 25 are 
found in the countries oast of the Bay of Bengal, but not in the Penin¬ 
sula south of the Ganges. Uf the 95, 8 only i-ange as far as the hills 
south of the Assam Valley, 16 to Burma proper, and 11 to the Malay 
Peninsula and Archipelago. Or, in other words, of the 79 Himalayan 
speoies, 56 or 70 per cent, are common to the Transgangetic r^on, and 
only 22 or 28 per cent, to the Cisgangetic. Of the 22 species not 
ranging south ni the Himalayas a large majority are either Holarotic 
speoies or belong to Holarotic genera. 

The faiuia of the Himalayan forest lurea is partly Holarotic, partly 
Indo-Malay. It is temarki^ly poor, when compared with'the Cisgan- 
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Ketic and Hurmera faninui, in reptiloa and hatim-hiiunt. It also cunbuna 
but tew peculiar geneia of mamiuala and birds, and alniuat all the 
peculiar types that «1« cK-cur have Hnlaiitic iitlimtios. 'ITic Oriental 
olemont in the fauna is very nohly reproHcnttxl in tliu Eastern Himalayas 
and gradually diminishes tu the westwaisl, until in Kashmir and farther 
west it ceases to 1»e the principal constituent. These facts are con¬ 
sistent with the theory that the Oriontal constituent of the Himalayan 
tauna, nr the greater poition of it, has niigrate<l into the niount>iins 
fritm the oastwanl at a comparatively riH'ent ptn'iisl It is .in im¬ 
portant fact that this migration ap|iears to have bi>en from .Vssam .iiid 
not from the Peninsula of India. 

V. Southern Tonassorim agrees best in its veitebiaU with the Malay 
Peninsula, and should lie included in the Malayan suli-rcgion of the 
Indo-.Malay region. 

The continental area of the Indo-Mulay oi Onental region is divideil 
into throe siilerogions, Cisgangetic, Transg.ingetic, and Malayan. 

’Fhcre are sevcnil points left which rotjuire c.xplanation. Thci-e is 
the much greater nchiiess of the Onental loiistitiicnt iii the Cisgangetic 
fauna to the southaanl in Malalmt and (Vvlon, although this i-..far 
away from the main Oriental area, and the occm-renie also in the 
southern pait of the Penintiula of various imiinmalian, reptilian, and 
liatnichian genera, such as /aois, Tnujiilus, Dnov, LutlrpiK, and imhn, 
which are represented in Burma and the Malay coiintnes but not in 
the Himalayas or Northern Iiiiba. In connection with this the limita 
tion of the Dravidian' element to the south ot India should .dso Ixi 
rememliorod. Then there is the mrurronce ot curtain Himalayan 
species on the mountains of Southern India and Burma, and even 
farther south, but not in the intervening are-i. There is also the pre¬ 
dominance of the Western, or what I have proposwl to call the Aryan, 
element in the Pleistocene faiuia of the Norbudila Valley, and of 
Kariuil in the north of the Carnatic tract. Lastly we have to account 
tor the aiqmreiitly recent immigration of Oriental types into the 
Himalayas. 

Whilst it IB quite possible that other evpianations nmy lie fouinl, it 
IS eviiknt that all these peculiarities of the Indian fauna may have 
been due to the Glacial epoch. The great terminal momines occurring 
at alioiit 7000 feet in Sikhim, first iliscoverwl by Sir J. Hooker,* 
whose olwervations have lieen confirmed by niyselft and oiheist, 
and the occurrence of similar moraines and other imlications of ice 
action at ev’hn lower levels in the Western Himalayas,! clearly show 
that the temperature of the mountain i-ange must have licen much 

* ' Uimsisjrsn JoumaU,* rol. ii, pp. 7,4o. 

t * Jour. As. Soe., Deng.,' si, 1871, Ft g, p. SM. 

t ' Manual of the Oeolopy of India,' Kd. 1, p. 878 \ Kd. 2, p. 11, and referenees 
tbam quoted. 
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Uiwei tiuiii Ht the piuHtiiit ibty when no glHciei in Sikhiiu it* known ti» 
(IuhioikI much lielow 14,U00 loet. 

Dining thn i-oUlest portion oi the (rliteuil epoch, ii large jwit of the 
higher nionntiiins imiMt hiiiu lK<en einenxl hy enow hikI ieo, uikI the 
tropual Oriental iiiiinu which htwl (Kcupiod the range, anil which may 
hace rc'^einhleil that ui the Indian l‘eiiiii8uLi more than ie the case at 
present, iimat ha\e lieeii dii\en to the Imihc oi the moniitainH or extei- 
minatiil. The llolatctu form'* ajipiiviitly winitoil in huger nnm1K•l^ 
The A'lmm N'alley and the hill iiiiiges to the Hoiithwaiil would ulToiil 
ni d.imp, shekel cd, forost-i'lad tullt^'a and hill slopes a wanner refuge 
for the Oriental iaiin.i ih.iii the ojioii plaiiw of Xorlhern India and tlie 
niiicli duel hills ol the eouiitry south of the Ciangetic plain The 
Oriental tyja-s of the fVnniHula generally must ha\o lieen driven aoiith- 
waids, and some of them, siuh as Iahi* and Tivtiulii-, whieh must 
ongiimliy haie lieen in toinh with their Riimiese reprewntatives, hate 
net el letiiriieil It was pioltahU during this cold perioil that the ussi 
fetoiis Xcihiulihi lieds and the deposits in the Kariml cates weie 
aicniiiulated The tropical dnm]t-loting Dtatidian fauna, it it in- 
haliitoil Northern India, must hate lieen driven out of the country 
rnlcs'5 the teiiiiioraturi' oi India and Kiunua generally underwent a 
(unsidetalile diminution, it is not eitst to understand how plants and 
animals of teui])erate Iliinalayaii ty|)es succeodod in reaching the hilla 
of Soutlicin India and Ce.tloii. as well as those of Bumm and the 
Malay I’eninsiila 

When the whole loiintry Iweamc wanner agiiin after the told epoch 
had pa^scsl aw’ay, the Tiansgangetic fauna ap(R‘nni to hate poured into 
the llimalayas troiii the eustwniHl. At the present day the compara¬ 
tively naiTOw Krahmapiitra plain ui Assam is far more oxtoiisirely forest- 
cliwl, UHjicciHllv to the eastward, than is the much broader Uaiigetic 
plain oi N'oilherii India, ami if, as is prolmhlo, the same iliilerenre 
Ixitwceii the two areas existed at the daft of the Glacial epoch, it is easy 
to see how much greater the facilitios for the migration of a forest- 
haunting fauna must have lieen acniss the Brahmaputra Valley than 
over the great plain of the Gauges. This dilForence alone would giv e 
the Tiansgangetic fauna of Burma an advantugo over the Cisgaiigetic 
faunii in a race fur the vacant Himalayas, oven if the latter had not 
been driven farther to the southward than the former, as it probably 
was during the Gluoial epoch. 

The theory, how'ovei', is only put forward aa a possible explanatioii 
of some remarkable features in the distribution of Indian vertebrates. 
At, the same time it does sen’e to accoimt for several ancmialiM of 
which some solution is necessary. If thus accepted, it will add to the 
evidence, now considerable, in favour of the Glacial epoch having 
affected the whole world, and not having been a partial pbenomenton 
indneed by special conditions, such as loctd elevation. 
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“ 0)1 the Iiitiiiiftte Stmctnreof Ci-ystals.—IV. CiihiL- ('rystnls Mnth 
Octahwlml ('loavage.” By W, J. Soliak, D.St-., LL.1)., KR.S. 
Ih'ofeswiv of fie<il»i>{y in the ririvoinity nf Oxfonl. llcccive«l 
and ivad Maixih 17, 1H98. Kinisotl I)ec(Mii1)ei IW, 1900. 
IHnnunuI. CarlM)ii, ni. w., 12 ; ^p. j^r., .‘{•SI; m. v., 3’42. There is 
good reason to believe, as will appear as wo procee<l, that the atoms 
of carbon, of which diamond is (‘omponed, arc disposed in the closest 
possible order. Thu mode of disposition has lieeu describeil and 
figured by Mr. Barlow,* in his work on “ A Mechanical Cause of Homo¬ 
geneity of Crystals.” Each atom is in eonPict with twelve others, juid 
in planes normal to the trigonal axes of the ciilte, which they ai'e sup¬ 
posed to form; they lie in closest contact, each sphere touching sue 
others in the plane. The volume of the .itoiiis may lie most nudily 
found by ditn'ding the atomic volume by 1*35; it is 2*54, the iliameter 
of the atom is 1*693, and its gross \oliime 4 «51 
The cleavage of such a closest picked .w«emblage as we attribute 
to diamond should lie octahedral, for it is in pianos iMrallel to the 
faces of an octahedron that the atoms he closest together. The 
characteristic cleavage of diamond is thus readily accountol for; not 
so, however, its remarkable homihedry. TTiis has still to lie explained. 
Diamond is tetraheilral, ami to account for this, we may suppose itc 
constituent atoms to be associated in giuiips of four, the centre of each 
lying at the solid angle of a tetrahednni, or we may recall the tetra¬ 
hedral nature of the carbon atom, and attribute the homihedry of 
diamond to an appropriate disposition of the piles of its atoms. 
Whichever view is adopted, it will nuiko no difference to the subse¬ 
quent treatment of the question; in either case, we have to consider 
^ manner in which tet^edra may be an-anged so as to gi\o rise to 
hemihedral symmetry. Two kinds of arrangement are possible; in 
boUi, the trigonal axes of the tetrahedra lio on the trigonal a»8 
of a cube, but in ono the tetrahedra are oppositely, in the other 
similarly, orientated. On bringing the former case under the notice 
of Mr. J^low, he infonneil me that it was new to him, and snbee- 
quentiy he pointed out that the symmetry resulting from it is holo- 
hedral,t while the arrangement in the second oase is hemihedral; we 
must aoeovdiugly suppose that in diamond the constituent tettahedra, 
whether groups of atoms or Uie atoms themselves, arc all stmilu-ly 
orientated. 

• ' SoL Proo. Boy. Dub. Soe.,’ red. 8 iN.8.), p. 998,189T. 
f Tbi* amngsMisnt u desoribsd by Mr. Barlow iu the ‘ ScL Proc. Boy. Dub. 
$001,' Ut. ett., nndor the hasdiiig C (9), p. 949) the sHeniatiTe srraEfHnont te 
l^vsB under 0 (a). 
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Ill tiCHtiiig of (liHUtoiul, the ijaoation of dimorphuiii imtUTHlly pre- 
uuiits it<)elf; we proceoil therefore to the coiitiicleratioii of graphite 

jU the roeoideil values for the specific gravity of graphite diffei 
aiilely from one another, 1 made a fresh determination of this eon- 
Htaiit, using the graphite olitained as a hye-prodnct in the manufactur(> 
of cailKinnidum. ’llii^ w.ih kindly giieii mo hy Professor Miers 
'llie gi’iiphitu wiih iiitrixhiccMl into a ihifusioii eoliimn of methylene 
iodide and liensonc, it Hiaited at a level of specific gravity 2•286, as 
giieii liy small glass indicators. 'Fho molecular soliime of giaphite, 
as dciluced fi-om this, is 5*25 This value is in close acconlanco with 
that found liy Petersen, who gnos it as 6'3.* 

The fom in which gi'.iphito occurs in nature is so closely similar to 
a hevagonal prism, that for a long time it was referred to the rhonilio- 
hedral system, hut l.itei olwc'n atioiis show th.il it is decidwUy oblique 
01 nionocliiiK 

Suppose that a nuniliei of tetrahedral gioups of. atoms lie placed 
each with a trigonal axis vertical, the atoms at the liase forming a 
single sheet in closest contact, then suppose a similar sheet placed 
o\ei the hist, so that the ccrtical trigonal axis of each of the uppei 
tctiidiislra IS continuous with that of each tctiahedron of the lower 
layoi. The resulting s\mnieti v will l»o that of the ohhquo system,and 
will 1 h! liemimorphu 

It is of especial intciest to conqiato the volumetric rchitions which 
exist, on the one hand, liotw'een these hyputhetie<il modes of pacldiig 
for diamond and graphite, and on the other liotween the atomic 
\ oltimes of diunioiid and graphite themselves It can lie shown from 
moa> inspection that the volume occupied h}' the packed spheres in the 
ca-so of diamond is to that in the caso of giaphite as 2 : 3, for six 
sphuivs in the packing of diamond occupy the same space us four in 
that of graphite; / r., if w o restrict attention to two sheets only, lu 
diumuiid laith are most closoly packed, every three spheres in the lower 
layer having throe corresponding spheres in the upper, while, iii 
graphite, oidy the lower layer w most closely packed, and in the upper 
but one sphere occurs in corrcspondoiioo to every sot of three sjfiiereH 
below. 

Next the volume found for diamond is 3*42, lual that for graphite, 
6*25, and S'42 : 6*26 -- 2 ; 3*07. There is' thus a correspondence 
between the ratio of the columos as deduced from hypothesis and that 
obtained by experiment as exact as the nature of the case permits. 

Although graphite is not truly rhombohedial, it makes a close ap¬ 
proach to the symmetry of the rhombohodral system, as it might very 
well do from the stnietnro here assigned to it. Nordensldbld, frpm 
measumnonts made on graphite'fr^ Bargas, is supposed to have 
showu that the apparently hexagonal prions are really oblique, pror 
‘ Zsiti. f Fh,T*ilslifcIir Chvmis,’ vol. 8, p. 601,1891. 
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diu-ed by u comlmuitioii of tho formh 001, 110, 010. The angle P mu 
found to measure T T 16', iftid thus only differs from the angle of a 
tetmhedroii (whiih is 70 SO') by 46 miitutes. The angle of tho prism 
110 Mas fotuid to l>e 122 24', oi 2 24' gieater than that of a regular 
hexiigon. 

Tho packing of tho .itoniB in graphite is the nir>st ojjen u c ha\ e yet 
oucounteied; in diamond, not only the closest, but the closest possible. 
Yet gtaphite is the cuiuiuonor form oi (.ulHin, <ind the mote etuuly pro¬ 
duced by artihcial means Nature thewloie d«M‘s not st*em to cspeoially 
fat our closest pociNiblu picking, rathei le.innig on the (ontiary to the 
more open aiTangenients. The rcktiie h.iidiier,s of the two forms of 
c-arlion would seem to lie connected nitli then structure, graphite— 
one of the softest of iiunoralh, and di.imond without evception the 
hardest. As Professoi Miers suggests, the seitiliti of gi.iphite may 
perhaps lie eonuoctcsl with its u{*en stiiictiue, but on othei chffeiunces 
in the physical charwtoi' of tho two subsunce' the sti net lire seems 
to throw no light. 
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Schinoid Larr*, KSects of Temperature on Derelopment of (Vernon), 86 

Rohpse of Sun of May 28, 1900 (Lookyer), 8871 (Turner and NewaU), 846; 
(Erenhed), 8701 (Copeland), 386 1 (Christie and Dyson), 892. 

Edington (A.) South Afnean Horse^ickness • its Pathol^ and Methods of 
Protootire Inoculation, 282. 

Elasticities of Metal Wires, Effects of Changes of Temperature on (Cra;f, Blyth, 
and Dunlop), 180. 

Ssoombo (F.) See Brown and Esoombe. 

Everihed (J.) Solar Eclipse of May 28,1900. Preliminary Report of the Eipe- 
dition to the South Limit .of Totality to obtam Photographs of the Flash 
Spectrum in High Solar Latitudes, 870. 

Erolution in Man, Data for Problem of (Beeton, Yule, and Pearsm), 1891 (Lee 
and Pearson), 888. 

Ewing (3. A.) and Roeenhain (W.) The Crystalline Structure of Metals. Beeood 
Paper, 112 

Eyeball, Frog’s, “ Blase Currents ” of (Waller), 439, 

Falmouth Obserratory, RoporU of Magnetieal Obeenrabons at, for the years 1897, 
1888,1889,189. 

Farmer (J. B.) admitted, 828. 

FeUowi admitted, 1, 888, 402. 

Flow of Marble, Inrestigatum into (Adams sad Nicolson), 228. 

Oaidiner (W.) snd Hill (A. W.) The Histology of the Cell Wall, with sparial 

reference to the Mode of Connection of Colls. Parti,487. 

Cases, Viscodty w affected by Temperature i Sutherlaad’a Law (Rayleigh), 187. 

Class, emmaotion between Rleotriosl Piopertiee and Chemloal Oompodtioii (Cray 
^ Dobbie), 197. 

eWd, Diftuaicm of, In Solid Lead (Roberta-Austen). 101, OoU^eoppar ARoya 
(Soberts-Auatan and Boae), 106. 



G«niomater, Cnttiog tad Gnndiog (Tutton), 68. 

Gt »7 (Aiidrew) uid DobbW (J. J.) On the Oonneetion between the Ekotrieel 
Propeitiee end the Ohomioel Oompoeition of Differeat Kind* o( 01 m$. Part 
ri, 107 j — and Jonna (K. T ) On the Ohange of Braintonn) in Iron pro- 

dooed by Uagnetitetiou, 208 i -BlytU (V. J), and Dunlop (J. S.) On 

the Kfleota of Ohaiigoa of Teuipcraturo on the Elaatioities and Internal 
ViaooBily of Metal Wire>, 180. 

Hay (A.) See Hele'Uhaw and liny. 

Heat, Meehantoal SquiTolent of, Dutenuination in Torma of International Eleotnoal 
UniU (Bamea), 288 

Hele-Shaw (H. 8.) and Hay (A.) Lines of Induction in a MagneUo Field, 234. 

Helium, Yiaoniit} of, aa afleoted by Temperature (Bayleigh), 187. 

Henry (T. A ) See Dunatan and Henry 

Hill (A. W.) The Diatribniion and Character of “ Connecting Thread! ” in the 
Tissues of Piaai S^UttUu and other Allied Species, 437 

Hill (L ) admitted, 1. 

Home (J.) admitted, 402. 

Horse-sickness, South African; Infection, Pathology, Inoculation (Sdington), 208. 

India, Ceylon, Ac., Diatnbution of Vertebrate Animals in (Blanford), 48 L 

Induction, Lines of, m Magnotie Field (Hele-Shaw and Hay), 234 

International Catalogue of Soienbflc lateratnre, 438. 

Ion, Enei^ required to produce an, in Cases (Rutherford and McClung), 845. 

Iron, Change of Beeiatanoe in, produced by Magnetisation (Cray and Jones), t06| 
hardened by Orerstrain, tempering of (Muir), 461. 

Jeans (J. H.) The Distribution of Molecular Energy, 236. 

Jones (^aard Taylor) See Cray and Jones. 

Kennedy (B) On the Kestoration ot Co-ordinated Morements after Herre 
Crossing, with Interohauge of Function of the Cerebral Cortical Centios, 431. 

Leares, Eleotrieal Effects of Light upon (Waller), 129. 

Lee (Alice) end Pearson] (X.) Data for the Problem of BTolution in Man. 
VI. A Fust Study of the Correlation of the Human Skull, 388. 

Ltfidocarpon, Fossil Secd-likn Fmotiflcaiion (Scott), 306. 

Life, Correlation between Duration of, and Number .of Offspring .(Beeton, Yule, 
and Pearson), 160. 

Light, Eleotrieal Effects upon Looros (Waller), 180. 

Idster (J. J.) admitted, 1. 

IdTeing (S. D.) and Dewar (J.) On the Spectrum of the more Volatile Coaei of 
Atmoeph^o Air which are not condensed at the Temperature ot Liquid 
Hydrogen. Preluniuary Notice, 467. 

Ziookyer (Sir N.) Further Note on the Spectrum of BilioLum, 408 t —— TuUl 
EoUpee of the Bun, May 28,1000. Proliminary Aooount of the Obcerrationf 
made by the Solar Posies Obserratory Bebpee Expedition and the Ofleere 
and Mm of U.M.S. “Theseue” at Santa Pols, 8871 —~ and Lockyer 
(W. J. S.) On Solar Changes of Temperature and Variations in Bainfall in 
the Region snnounding the Indian Ocean, 400. 

JMm* Poison of—Prussia Acid in (Dunstan and Henry), 284. 

Lnmfaioiittes, Meaeurement ot (Abney), US. 

Lyoqpods (PulMSoio), Beed-like FructifieatioD in (Soolt), 806. 
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UaodoMld,(J'. 8) Xhs D«iuroa(toa Carmt of Huanulion Norte (Ptelimiiur/ 
Odtnrntmioition), 810 j II. The Source of the Demerootion Oorrent oon- 
eideredae a Concentration Cell, 8161 III. The Demaroation Source and the 
Ooneentmtion Lav, 38S, 

Maefadyen (A), Morri-i (O. U), and Howland (S) On Kxpreued Yoait cell 
Flanna (Buchner’* “ //mane "), S!60. 

IfoOlnng (B. K ) See Butherford and MoClung. 

Magnetioal Obaerrationi at Falmouth Oboorratori, 1897-1899,130. 

Han, Data for Problem of Etolation in (Bcoton, Yule, and Peanou), 169 i (Lee 
and Peorton), 838 

Manion (P.) admitted, 328. 

Marble, luTeitigatton into Flow of (Adame and Nieoleon), 228. 

Meeting of June 21,1900,11 Norembor 16,8281 Noromber 28,402) Norember 80, 
4861 December 6, 436, December IS, 466. 

Metal*, Or7*talline Strueturo of (Rwing and Boeenhain), 118. 

Moleoxilar Energy, Diatnbution of (Jeana), 236 

'Mbrrl* (O. H.) See Maefadjen, Morrii, and Bowland. 

Muir (J.) On the Tempering of Iron hardened by Oreralrain, 461. 

Nerte Omaaing, Beetoratiun of Oo-ordiuated Motement* after (Kennedy), 481. 

Nerte, Mammalian, Demarcation Current and Blectncal Boeutance o’f. Effect* of 
Dilute Solution*, &o, on (Macdonald), 810. 

Nevall (H F ) See Turner and Nowall. 

Nieoleon (J. T ) Sea Adam* and Ntcolaon. 

North (Sir F) elected, 11 admitted, 888. 

Northumberl^ (Duke of) eleetod, 402 •, admitted, 486. 

OIBcer* and Council nominated, 408. * 

Offing, Correlation between Number of, and Duration of Life (Bcoton, Yule, 
and Feareon), ISO. 

Paper* pabliahed during Beoe*«, Liat of, 829. 

Fajiera reed, Liat* of, 1, 829, 40^ 436, 467.1 

Fearaon (Karl) On the Kinelw Aocnmulation of Streaa, illuatrated by the Theory 
of Impnldre Tordon, 288; —— Sro alao Beeton, Yale, and Fearaon, and Lee 
and Fearaon. 

Photography of OoIouredObjeot* in correct Uonoohrome (Abney), 118. 

Potter (M. 0.) On a Baoterial Dueaie of the Turnip (Srattte* ae^*), 448. 

Pmuhmtmtu dtrtnuiaiu, n. *p,. Bacterium of Dbeaeed Tnniipi (Potter), 448. 

Bainfall, Yariationi in, and Solar Change* of Temperature (Lockyar and lookyer), 
409. 

Bambaut (A. A.) admitted, 1; Underground Temperature at Oxford in tiie 
Year 1890, a* determined Fire Platinum-reautanoe Thermometer*, 818. 

Banuay (W.) and Trarer* (M. W.) Argon and it* Oomponioiu, 830. 

BayMgh (Lord) On the Yiiootity of 0aee* a* affeoted by Temperature, 187. 

Beeiatanoe in Ir^ Change of, produeed by Mognetieetloo (Ghney and Job**), 208. 

Bobert*.Aatten (Mr W.) On the Difluaioa of Oold in Lead at the ordinary 

Temperator*. 101; - and Boe* (T. Kirhe) On eertoin Fropertie* oi tha 

AUo^ of the Qold-Oopper Sariee, 106. 

Bodi Sp^men* from Diamond Mine*, Chiqualand Weet (Bono^y), 4^6. 
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BOntffen lUjt, Morgr of (Rntherford ond McOlong), 246. 

Bom(T. Elrin) SeoBobwU.AurtraMdSow. 

Botenhiin (W ) See Ewing and Roaonbain. 

Bowland (8.) See Maotadyen, Uorrta, and Rowland. 

Butherfoid (E) and bloClung (B. K.) Energy of BOntgen and Beoquerel Bayi, 
and the Energy required to produee an Ion in fiaiee, 246. 

Soott (D. H.) Note on the Occurrence of a Seed-like Fruotifloatlon in oertain 
Falwoaoio Lyoopodi, 306 

Selenatec (Double) of Sonea RiU{Se04)j,6n)0, Cryitallo graphical Study of 
(lutton), 68. 

Sell (W. 3) admitted, 1. 

Silloiiim, Spectrum of; linea in Stellar Spectra (Lockyer), 408. 

Skull (Human) Study of the Correlataon of (Lee and Pearaon), 388. 

Sollaa (W. J ) On the Intimate Struoturc of Cryatala. IV. Cubic Ciyatali with 
Octahedral Clearage, 403. 

Steam, Thermodynamical Propcrtica of, Characterittio Equatinna, Tablet of Speoifle 
Volume, Ac. (Oallandar), 206. * 

Stoney (O JT.) Note on Inqnirlca ae to the Eaoape of Oaeee from Atmoapherea, 

886 . 

Strees, Kinetic Accumulation of (Peareon), 222. 

Sulphur, Boiling-point of; Variation with Preeaure (Chreo), 8. 

Sun, Changei of Temperature of, and Variationa of Btunfall (Lockyer and Lockyer), 
409 i — Prelimiiiery RoporU on Obeemtione at Eokpee of May 88, 1900 
(liookyer), 8871 (Turner and Newell), 846; (ETerehed), 870; (Copeland), 
886 j (Ohrutie and Dyton), 802. 

Swan (3. W.) elected to Council, 466. 

Temperature (Underground) at Oxford in the Year 1890 (Bambaut), 818. 

Tempering of Iron Hardened by Oreritrain (Huir), 461. 

Thermodynamical Propcrtlee of Qaeee and Vaponre (Callender), 866. 

Thermometry (Platinum), Inrcetigatione on; Bonroee of Change or Error in 
(Chree), 8. 

Toreion, Theory of Impnlaire, and the Elnetio Aeoumnlation of Streaa (Faarion), 

2 22 . 

TraTere (M. W.) Bee Bamaay and Trarou. 

Turner (H. H.) and NewaU (H. F.) Total Solar EoUpee of 1000 (May 88). Pre¬ 
liminary Beport on the Obaerratioot made at Bonaareah (in the grounds 
of the Algiers Ohserratory), 846. 

Turnip, Baolerial Diiease of (Potter), 448. 

Tntton (A. E.) A Comparative Cryatallographioal Study of the DonUe Belenatea 
of the Series B,M(8eO,)„6HiO—Salte in which M is Zino, 68. 

Underground Temperature at Oxford in the Year 1800 (Bambaut), 218. 

Variation, L*w of, as regarda Beaction to Environment (Vernon), 86. 

Tamon (H. M.) Oartam Lawe of Vaiiattoa. L The Beaetaon of Derdeping 
Qtganiinu to Environment, 86. 

Vertebrate Animalt, Dlatnbntion in India, Ceylon, Ac. (Blanfocd), 484. 

Vioa-]»«tidenta appointed, 486. 

Vlsooeity of Wlree, Effcote of Temperatnre Ohangec on (Gray, B)yth, and Dunliq|>), 
180. 

Vtenal Ana of Oerabtal Cortex, Exact Localisation of (Bolton), 816. 
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Walker (Jmdm) admitM, W 

WilleF(A D) Ontihe *'BlaMOarrMt*''<rf tlie Vi«^slt7eb«U,480, —> The 
Eleotnoel Sfleoti of Light upon Gtreen Learee (Prehmuiaijr Ootuttumeatioii), 

lie 

Water, Oapamt^ for Heat of (Bamaa), US 

M atta (Pbibp) admitted, 1 

Wilaon (0TB) adautted, 1 . 

Wirea, Bfleota of Temperatnre Ohangea on Kl^ticity and Tiaooaity of (Chnay 
Blytii, and Dunlop), 180 


Teaat cell Plaama Method of Fzpreating Produotaon of Alcohol and COt by 
(Majfadjen Moma and Bowland), B60 
Yule (G- tr ) See Beeton, Yule and Fearaon 


“ Zymaae'* of Yeaat Influonoe of Age on Aotinty (Maofadyen, Homa, and Bow* 
laiid),2M 
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ivsSoM, MnterahiOrdiaaiT-laHarlbJeefy, St lCaif(n'< taM, 
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